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NITROPERFLUOROALKYL NITRITES 


Academician Knunyants and A.V. Fokin 


The recently discovered 8 -nitroperfluoroalkyl nitrites, which are easily prepared by nitration of fluoroole- 
fins with nitrogen oxides ard which are a new type of fluorocarbon derivative, are stable and extremely reactive 
compounds, 


If ordinary nitroalkyl nitrites are converted by reaction with water or alcohol to hitro alcohols, then nitro- 
perfluoroalkyl nitrites on treatment with these same reagents should undergo more complex changes connected 
with the presence of fluorine atoms in the molecule, 8 -Nitroperfluoroalkyl nitrites on hydrolysis are converted 
to g -nitroperfluorocarboxylic acids, which are more stable than ordinary q -nitro acids and are not decarboxy- 
lated even during distillation 


NO, — CFs'— CF,;— ONO + 2H,0-+ O,N— CFx— COOH 4 HNO, + 2HF 
x= F, CF, ete. 


It is known that nitroacetic acid can be stored for some time without change only in the complete sbsence of 
moisture (under dry ether). Its aqueous solutions rapidly decompose with the liberation of CO, and the formation 
of nitromethane, In contrast to nitroacetic acid, difluoronitroacetic acid {s a more stable compound; {it can be 
distilled under vacuum and stored for a long time. S8y repeated distillations, it 1s possible to obtain anhydrous 


difluoronitroacetic acid, which fs a transparent, deliquescent, colorless crystalline material with a melting point 
of 37°, 


“The-ease of decarboxylation of nitroacetic acid {s, apparently, a result of fixation of a proton by an oxygen 
atom of the nitro group, the electron density of which is considerably increased owing to conjugation, This same 
phenomenon of conjugation occurs to a fas less extent, naturally, in the case of difluoronitroacetic acid owing 
to the electron-attracting effect of the fluorine atoms, 


° 


o 
ope 


Hydrolysis of § -nitroperfluoropropyl nitrite and 8-nitroperfluorolsobutyl nitrite with the calculated amount 
of water gives the corresponding a -nitroperfluoropropionic and q -nitroperfluoroisobutyric acids, Both acids are 
more stable compounds than difluoronitroacetic acid; they also distill readily at ordinary pressure, 


The preparation of a -nitroperfluoroproplonic acid by hydrolysis of 8 -nitroperfMuoropropyl nitrite and of 
a -nitroperfluoroisobutytic acid by hydrolysis of 8 -nitroperfuoroisobutyl nitrite is proof of the structure of the 
nitronitites and of the order of addition of nitro and nitrite groups to unsymmetrical Nuoroolefins, 


By means of the usual esterification reaction, a -nitroperfluoropropionic acid was converted into a series 
of esters, These esters could be saponified with the liberation of the original @ -nitroperfMuoropropionic acid, 


Esters of difluoronitroacetic acid were also prepared by the action of alcohols on its anhydride or acid 


Z 
0, 
| 
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halides, The other important method foe the preparation of esters — dircct est sification was Lieffective, since 
difluevonitreacetic acid decomposes in the presence of the mineral acids whick act as catalysts for the esterifi- 
eaticn, The most convenient method for the preparation of the esters proved to be the dircct reaction between 
3 -niveperfuorecthyl nitrite and alcohols. This reaction proved to be a new method for the preparation of esters 
of peitiaccenincasiinieestti acids which could be extended to other nitroperMuoroalkyl nitrites, The overall re- 
acticn can be expressed by means of the following equation: 


O,NCF,CF,ONO + 2ROH — RONO + O,NCF,— CO- OR + 2HF, 


It fs prodable that the nitroperfuorocthyl nitrite is converted successively into altroperMuoroethyl alcohol, 
the fluoroanhydride, and then into the ester of diMuoronitroscetic acid, This method was used for the synthesls 
of the methyl, ethyl, isopropyl, 8 -fMuoroethyl, cyclohexyl, and other esters of difluoronitroacetic acid and of 
a ~aitroperfluoropropionic acid and also for the preparation of certain esters of a -nitroperMuorolsobutytic acid, 


These esters were transparent, colorless, mobile liquids with a characteristic odoc. Their properties are presented 
in Table 1. 


TABLE 1 


Formula of substance | B.p., °C 


F calc. | 

| 


JN found 


wun wn 


NCF,;—COOH 80/32 nim 
CFy—CF (NO,) CF,0NO, 
O,N—CF—CONH,; 


no 


so 


CF,—CF (NO.)—COOC,H, 
O,NCF,—COCI 
O,NCF,-C 
(CF3);C ($04) 
CF,CF C 
(CF,),NO, 110/18 mm 
H,NCOCF,pCF;CONH, m.p. 250 


on 


CAWODO & 


n 
| 
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a-Nitroperfluorocarboxylic acids are polyt!uoronitro-substitute ! carboxylic acids; the presence of the 
strongly electronegative substituents ts strongly reflected in the prepertics of these substances, 


Determination of the dissociation constants by measurement of the electrical conductivity of solutions 
showed that difluoronitroacctic acid is a stronger acid than trifluoroacetic: 


Kc nocr,coon = 97000- 107%; 
Kecr,coon = 50000- 107: 
Ke cci,coon = 21 000-10°°: 
Ke cu,coon = 1,8-1078. 


Thus, substicution of a nitro group for a fluorine atom almost doubles the ability of the acid to fonize, The dis- 
sociation constant of nitroperfluoroproptonic acid is Kc 1875+10°%, 


Using nitrodifMluoroacetic acid and @ -nitroperfuoropropionic acids as cxamples, the poss{bility of preparing 
~ -varfous derivatives of nitroperfluorocarboxylic acids was demonstrated, Thus, the anhydride and the acid chloride, 
bromide, and Nuoride were prepared from nitrodiMuoroacetic acid, By reaction of the methyl ester or of an acid 
halide of nivrodifluoroacetic acid with ammonia, the amide was prepared, and this was subsequently converted 
into the nitrile, The corresponding ester was prepared by reaction of nivrodifluoroacetic acid with diazomethane, 
and teatment of the acid with dry ammonia gave {ts ammonium salt, I: was shown that the anhydride and acid 


it 
1.438 1.3870! 
1.638 | 1.3560 
1.673 | 1.3130 
m.p. 118°} 
; 4.412 | 4.3470] 34.6 | 23.9 
1.3790] 1.3567] 24.5 | 23.8 : 
1.5080] 1.3581] 23.8 | 24.3 
1.5820] 4.3590] 23.8 | 28.6 
1.4010] 4.3229] 31.0 | 28.8 
1.441 | 1.3362] 40.3 | 40.2 
1.6591] 1.3502] 36.3 | 37.0 
4.368 | 4.3715] 30.9 | 31.4 
1.798 | 4.3410] 51.8 | 50.4 
— | 40.5] 40.4! 


chloride of nitrodifluoroacetic acid are acylating agents; with aniline and araincs they form the antlide and 


amides, Work with nitronitites, nitroperfMuorocarboxylic acids, and their derivatives requires precautionary 
measures, 


An attempt to prepare metallic salts of a -nitroperfluorocarboxylic acids showed them to be unstable, For 
example, the silver salt of a -nitroperfluoropropfonic acid decomposed with the formation of the salt of perfluoro- 


pyruvic acid, An attempt to prepare the nitrile of nitroperfluoropropionic acid led to the formation of trifluoro- 
acetic acid, 


As previously mentioned {1}, the diniurite of perfluoro-1,2-cyclobutanediol is formed, along with 1,2-di- 
nitroperfluorocyclobutane, during the nitration of perfluorocyclobutene, This material (with a boiling point of 
16°) is extremely reactive, It was converted by hydrolysis into perMluorocinnamic acid, by treatment with am- 
monta into the amide, and by treatment with alcohol into the ester of perfluorocinnamic acid. The latter pro- 
ceeds, apparently, by virtue of oxidation of the cyclobutane ring by the liberated nitrous acid, 
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HIGH-TEMPERATURE STRENGTH OF ALLOYS OF SOME BINARY, 
TERNARY, QUATERNARY, AND QUINARY NICKEL SYSTEMS AT 800° 


I.1, Kornilov and Pryakhina 


(Presented by Academician LP. Bardin, July 21, 1956) 


Investigations of a series of partial structural diagrams of binary, ternary, quaternary, and quinary nickel 
systems have shown that the elements chromium, tungsten, titanium, and aluminum form with nickel limited 
binary, ternary, quaternary, and quinary solid solutions of considerably higher concentration than such elements 
as zirconium, beryllium, boron, carbon, nitrogen, etc. [1-3]. 


The cenwifugal method of testing alloys for high-temperature strength perm!tted comparatively rapid con- 
ducting of numerous investigations establishing regularities in the change in high-temperature strength of alloys 
depending on the composition and phase structure of the metallic systems. It was established that the elements 
mentioned above strengthen nickel by forming limited solid solutions of considerable concentration, Maximum 
strengthening {s attained in regions of completely saturated and supersaturated solid solutions, 


Under specific conditions, alloys of nickel with aluminum, titanium, tungsten, and chromium correspond- 
ing to completely saturated and supersaturated solutions underwent additional strengthening owing to the forma- 
tion and liberation of solid solutions of metallic compounds (Ni,Al, Ni,Ti, and NigW) in a finely dispersed state, 
Libesation of the excess, second phase in the alloys in the form of coagulated, individual particles causes a low- 
ering in the high-temperature strength of the alloys. 


The more complex the chemical composition of the solid solution, the more the strength of the chemical 
bond between the unlike atoms increases, and the more slowly the processes of coagulation of the excess phase 
and weakening of the alloy at high temperature proceeds, The rate of coagulation depends on the degree of 
supersaturation of the solid solution and on the differznce tn chemical composition of the solid solution and that 
of the second phase, since this determines the number of required atomic displacements for the formation and 
growth of crystals of the second phase, 


The decrease in the coagulation rate of the excess phase {s one of the basic factors determining the re- 
peatedly experimentally confirmed regutarity: the increase in high-tempezature strength with an increase in the 
number of elements of limited solubility composing the alloy. 


We carried out a systematic invest’ gation of the high-temperature strength of the following alloys: 

a) the binary system Ni-Ti with a Ti content of from 0 to 14%; 

b) the ternary system Ni-Cr-Ti with constant Cr contents of 10 and 20% and with a titanium content vary- 
ing from 0 to 15%[2); 

c) the quaternary system Ni-Cr-~Al~Nb (Cb) with constant Cr contents of 10 and 15%, constant Al contents 
of 6%, and a Nb content of 0 to 12,5%[3); 

d) the quinary system Ni~Cr- W-TIi-Al with a constant “— content of 20% and an Al content varying from 
0 to 12% (6), 


The compositions of these alloys encompass both solid solutions and their conjugate compositions with the 
liberation of the excess phase, The high tempcrature strength of the alloys of these systems was studicd by the 
cenuifugal method at 800° and at stresses varying from 5 to 40 kg/sq. mm. 


> ‘ 
a 
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Asa result of these investigations, it was established that in all cases maximum str.ugth {s attained fn the 
region of transition from homogeneous solid solution to an alloy with a heterogencous structure. Maximum strength- 
ening of the quinary solid solutions was considerably higher than that of the quaternary, that of the quaternary was 
higher than that of the ternary, and that of the ternary was higher than that of the binary nickel solid solutions, 
Finally, the Latter had a higher high-temperature strongth than pure nickel 


; The absolute values of the maximums of high- 
Mi-Ti Ni-Or-Ti temperature strength on fsothermal structural diagrams 


y fea — the high-temperature strengths of the binary, ternary, 

rae pee and more complex nickel systems — show a step-wise 

S ant increase with an increase in the number of elements 

ox entering into the composition of the solid solutions, 
us The experimental data establishing the maximum 
» high-temperature strength of the alloys of the series of 


binary, ternary, quaternary, and quinary systems at 800° 


E x permit the comparison of these alloys in the form of 
Ze combined diagrams showing the stepwise increase in the 
SE ultimate strength of the alloys depending on composi- 
o¢ N tion with respect to the increase {n the number of com- 
: 
AX RA ponents in the nickel systems, 
In Figure 1 are presented the exper{mental data 
wh | | on the change in high-temperature strength of alloys of 


Fig. 1. ‘Increase in the Limit of static strength (not 
Ni-Cr-— W-Ti-—AI in relation to the content of one of 
less than 109 hours to failure) in limited solid solu- 
of the elements while maintaining constant concentration 
> of the other elements (at the expense of the Ni content). 


Compositions of alloys of the binary system Ni~ Ti containing 8-10.8% Ti, which correspond to maximum 
heat strength at 800°, withstood tests of 500 hours at a stress of not over 5 kg/sq. mm without failure, 


In alloys of the ternary system Ni-Cr-Ti (section at 10% Q), as a result of the decrease in the solubility 
of titanium, the optimum titanium content {s 6-7,5% (as against 8-10% in the binary system). Alloys of these 
compositions did not fail at 800° aftcr 425 hours at higher stresses, namely, 6.4-10 kg/sq. mm[2}. 


According to the data of ILL Kornilov and N.V. Vyal, who investigated the high-temperature strength at 
800 of alloys of the system Ni-~Cr-Ti-W with varying tungsten content, the samples did not fail during 100 
hours at a stress of 15 kg/sq. mm (at 6% W content), 


The alloys investigated by us in the quaternary system Ni-~Cr-Al—Nb[3) at contents of 10-15% Cr, 6% 
_AI, and 2,5-5,0% Nb also showed higher high-temperature strength in comparison with alloys of temary systems. 
At 800 and a stress of 24 kg/sq. mm, the optimum composition of alloys of this quaternary system with a Nb 
content of 2,5-57> did not fail during a 426 hour test (3). 


The highest high-temperature strength was possessed by the optlinum compositions of the quinary system 
Ni-Cr~W-Ti-Al with contents of 20% Cr and 4-6% Al, which did not fail at 800° after 100 or more hours at 
stresses of 35-40 kg/sq. mm, 


As seen from Figure 1, the Mimiting stress at which alloys of optlinum compositions did not fail, but 
merely deformed at a low rate, was, for the binary system Ni-Ti, not more than 5 kz/sq. mm (for the system 
Ni~Cr it was 3.5 kg/sq. mm[1}). For alloys of the ternary system Ni-Cr-Ti, this limiting stress increased to 
6.4-10 kg/sq. mm, and for the quaternary — to 15 kg/sq. mm and higher, 


Compositions of alloys of the quinary system Ni-Cr- W-Ti-Al corresponding to the region of transition 
from solid solutions to heterogereity withstood the highest stress. For alloys of this system of optimum composi- 
tions, the limit of static strength increased to 35-40 kg/sq. mm. 


As seen from the data presented, the high-temperature strengths of the quinary alloys at the same temper 
ature (800°) were almcst 8-16 times higher than that of the binary alloys, 3-5 times greater than that of the ter- 
Bary alloys, and twice as geat as that of the quaternary alloys, 
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Thus, the speclal role of the increase in the strength of the chemical bond between unlike atoms tn the 
nickel solid solution and the surengthening of {t under conditions of supersaturation and finely disperted disintegra- 
ton develops according to the extent of the complexity of the chemical composition of the base cf the alloys 
of the solid solution, The indicated factors slow down the process of structural weakening of the alloys and give 
them high high-temperature strength, 


The high degree of strengthening of completcly saturated and supersaturated solfd solutions will be re- 
tained to the extent to which their finely dispersed disintegration retains this strengthened state tn the first stage 
of disintegration, and will be weakened to the extent to which coagulation of the excess phase take place, Weak- 
ening asa result of coagulation and separation of the excess phase can be explained by a decrease fn the {nitlal 
concentration of high-strength solid solution owing to libezation and separation of the excess phase, The decreare 
in concentration of the elements takes place first at the grain boundarics where Inclusions of the excess phase 
are chicfly concentrated, Under such conditions, great possibilities for intergranular and other forms of creep 
of alloys are created, which, undoubtcdly, leads to a decrease in high-temperature strength. 


This has also been observed in a number of cases verifled by experimental Investigations and by practical 
use of alloys of high — temperature aoe 
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OXIDATIVE CHLORINATION OF METHANE 


B.A. Krentsel, Academician A.V. Topchiev 
and L.N. Andreev 


In tie recent literature, attention has turned to the possibility of the realization, under specific reactioa 
conditions, of the oxidative chlorination of methane (1-2), In essence, such a process {s a combination of two 
reactions: chlorination of the hydrocarbon and oxidation of the resuiting hydrogen chloride (which may also be 
present as the origfnal chlorinating agent), The overall reaction can be represented by the equations: 


RH + KCl + 4 O,—> RC1 + H,O 


QRH + Cl, + 2RC1 + 


Cupric chloride deposited on a porous carrie or an eutectic melt of cupric chloride and cther salts are 
used as catalysts for this reaction. According to other literature data, the chlorination of methane in the presence | 
of molten cupric — proceeds according to the following oaiperwts 


+ CHCl + Cu,Cl, + HCl 


Cu,Cl, + HCI + > 2CuCl, +H,0- 


In carrying out this reaction, the thermal effect of the chlorination reaction is partially compensated by 
the endothermic regencration of the cupric chloride; hence, easy and smooth regulation of the ther:nal regime 
of the chlorination {s possible, Cupric chloride or an cutectic salt mixture, for example CuCl, + KCl + CuCl, 
is used as the chiorine-transfer agent. The use of salt melts, although simplifying heat transfer, creates certain 
additional difficulties, particularly {n connection with the requirement of circulating the melt at high tempeza- 
ture {n the reaction system. 


Consequently, our baste experiments on the oxidative chlorination of methane were carried out over a 
hetcrogencous catalyst, cupric chloride deposited on pumice, 


EXPERIMENTAL 


The experiments were carried out In a Mow-type apparatus (Figure 1), In order to simplify the diagram, 
the driers (Tishchenko bottles containjng concentrated H,SQ, and U-tubes containing calcined calcium chloride) 
in the hydrogen chloride, chlorine, and alr lincs were omitted, Operation of the apparatus {s apparent from the 
diagram; we need say only that the reaction tube (E), 25 mm diameter, was constructed of.molybdenum plas 
and contained 75 ml of catalyst. ; 


Initially we investigated, in this apparatus, the catalytic oxidation of hydrogen chloride (in the absence 
of methanc) as one of the most important stages in the oxidative chlorination of methane, The catalyst used in 
the experiments on the oxidation of hydrogen chloride, as well as in the succeeding experiments on oxidative 
chlorination proper, was a specially treated pumice impregnated with cupric chloride, The amount of CuCl, 
deposited on the pumice was varied, in the first experiments, from 5 to 20 weight per cent of the pumice, How- 
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Fig. 1, Apparatus diagram: A) chlorine cylinder; 

B) Kipp apparatus (for HCl); C) alr cylinder; D) 
methane cylinder; E) mixer; F) reaction tube; G) 
furnace; H) galvanometer, thermocouple; I) re- 
flux condenser with receiver; J) Tishchenko bottles 
with KI; Ky, Ky, Ks) traps for the chloro derivatives; 
Ly, Ly, Ly, Ly) rheometers for Cly, HCl, alr, and 
CH,, respectively, 


x 


3 b 

3 

UP 

2 ar Catalyst age, hours 

“0 450 500% - 


Tempevature of the expt.,°C 


Fig. 2. Oxidation of hydrogen chloride with afr: 
a) effect of temperature; b) change in activity of 
the catalyst, 


ever, it devcloped that an active catalyst was formed 
at a CuCl, content of 5% 


The ratio between the rcacting gases was es- 
tablished by means of gas Now meters, The depth of 
conversion of hydrogen chloride to chlorine (and the 
degree of methane chlorination i1 the oxidative 
chlorination experiments) was determined by titratioa 
of the KJ solution contained in the Tishchenko bottles, 
as shown In the diagram (Figure 1). 


Oxidation of hydrogen chloride to chlorine. Dur- 
ing the study of the oxidation of hydrogen chloride, 
the effect of temperature and of catalyst age on the 
depth of conversion was detcrmined, The experimen- 
tal data obtained are presented graphically in Figure 
2. A change in the space rate from 82 to 215 hours~® 
led to a decrease in the depth of HCl oxidation of from 
98 to 867, With increasing time on the catalyst, its 
activity decreased somewhat, which can be explained 
by washing of the cupric chloride from the surface of 
the carricr — pumice — by the stream of gases, 


Oxidative chlorf{nation of methane, Two varia- 
tions of the process were studied; 1) chlorination of 
methane with a mixture of hydrogen chloride and alr 
and 2) ‘chlorination of methane with a mixture of 
chlorine and alr, In these experiments, {n addition to 
the determination of the degree of chlorination of the 
methane, the amount of methane burned was also de- 
termined from the difference {n the atnouns of HCl 
from the reactor in the presence and absence of meth- 
ane under otherwise comparable conditions, In order 
to simplify the calculation, as a first approximation 
it was assumed that there was no decomposition of the 
chloro derivatives and that combustion of the methane 
procecded according to the equation: CHy + 20,-> 


/ > CO, + 2H,0. In certain experiments, the amount 


of methane burned detcrmined by this method was 


verified by means of the amount of water collected, In this method, it was assumed that the oxidation of hydro- 


gen chloric¢e gave one mole of water for each two moles of hydrogen chloride oxidized, and that the combustion 
of methane gave two moles of water per mole of methane burned, 


Oxidative chlorination of methane with a mixture of hydrogen chloride and air, The results of all three 


serics of experiments carricd out by us cn methane-hydrogen chloride-alr mixtures are presented in Table 1, 


As the data of Table 1 show, the chlccination of methane becomes appreciable at a temperature of 350- 
360°, Even the oxidation of hydrogen chloride proceeds at these temperatures, and chlorine appears in the reac- 
tion mixture, Further, the degree of chlorination of methane rapidly Increases, and at 420-440° it goes through 
a maximum, as was clearly detected in all three serics of expcrimants, The presence of this maximum Is ex- 
plained by the fact that, parallel with the increase in the amount of methane chlorinated with an increase tn 
temperature, the fraction of methane oxidized to CO, and H,O Increases, and, moreover, apparently there bs 


some decomposition of the chlorination products formed, 


Combustion of an appreciable portion of the methane was observed at temperatures above 400°, and It de=’ 
pended to a considerable extent on the ratio of hydrocarbon to chlorinating mixture (HCi and air), The maxi- 
mum amount of methane burned was observed by us at temperatures of 470-500° at a ratio of CHy: HC1: alr of 


1:4;10, 
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TABLE 1 


Chlorination of Methane with a Mixture of HCl and Alr (in volume %) 


Original mixture 


methane 


hydrogen 
chloride 


alr 


Temp., °C 


Hydrogen 
chloride 


conversion 


Chlorine 

consumption 
(in % of the- 
oretical) 


Methane ({n % of original) 


chlorinated] burned 


12.5 


6.7 


TABLE 2 


22,2 


55.6 


62.5 


Ratio C 


Ratio C 


Ratio C 
66,6 


Hg:HCliair = 


360 
400 
470 
500 


Hg:HCliafr = 


360 
400 
430 
470 
500 


Hg:HCl:air = 


360 
400 
430 
470 


500 


1:1:2.5 


30 
10 
83 
87 


1:2:5 


30 
10 
78 
83 
87 


1:4:10 


30 
10 
18 
83 
87 


81 
92 
95 
98 


80 
85 
90 
92 
95 


18 
80 
90 
93 


Chlorination of Methane with a Mixture of Chlorine and Air (in volume %) 


11 
42 1 
30 14 


0 1 
19 13 (7) 
50 1 
44 10 
43 11 
10° 10 
15 18 
60 21 
55 30 


Original mi 


xture 


methane 


chlorine 


alr 


Temp., °C 


Hydrogen 
chloride 


convers{on 


Chlorine 

consumption 
(in % of the- 
oretical) 


Methane (in % of original) 


chlorinated] burned 


12,5 


Decomposition of the chlorination product$ to carbon was not observed in our experiments, anc there was 


62.5 


360 
400 
430 
470 

500 


360 
400 
430 
410 
600 


Ratio CH, 


Ratio CHg:Clg:atir 


:Cla:air 


30 
10 
18 
83 
87 


30 
10 
78 
83 
87 


1:1:26 


52.0 
12,2 
80,2 
84,2 
83.9 


1:2:5 


50,7 
68.0 
80.2 
85.1 
90,3 


no coke on the surface of the used catalyst removed from the reaction tube, 


18 14 
48 17 
42 20 


15 12 
20 15 
66 22 
54 
56 41 


Oxidative chlorination of methane with a mixture of chlorine and alr. In this varfation, we carried out two 


| 

25.0 
| 

|| 96 50 40 

— — 
| 

‘ 
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22,2 22.2 55.6 13 8 

25.0 


series of caperiinents with different compusitions of the reaction mixture, The alr was used in the amount re- 
quired for the complete oxidation of the hydrogen chloride formed by the chlorination of the methane, The re- 
sults of both serics of experiments are presented in Table 2 


As seen from the experimental data, the chlorination of methane with a mixture of chlorine and alr began 
at a temperature of 350°, and went through a maximuin at 420-440", as In the case of the chlorination of methane 
with a mixture of hydrogen chloride and alr. 


Thus, no essential differences were observed in the course of the oxidative chlorination of methane when 
a mixture of chlorine and air, instead of hydrogen chloride and air, was used as the chlorinating agent, The 
maximum fraction of methane chlorinated was 50-60%, 


TABLE 3 
Properties of the Chlorination Product in Comparison with the Properties of Carbon Te wachloride 


Moiecular Chlorine con-| 
Substance weight tent, % dy ap 
Carbon tetrachloride 153.8 92,2 1.5940 1.4602 
Chlorination product 140,2 88.5 41,5690 1.4582 


A special experiment for the accumulation of chlorination product for {ts investigation was cartied out un- 
der optimum temperature conditions for the oxidative chlorination of methane with a mixture of chlorine and 
air (CHg: Clg: air = 1:2:5). After washing, neutralization, and drying of the collected product, chlorine content, 
molecular weight, density, and refractive index were determined, In Table 3 are presented the data obtained, 
and they are compared with the corresponding physicochemical properties of CC, The average number of 
chlorine atoms in the reaction product was 3.6, On this basis and by a method described in the literature [2], we 
calculated the CC content of the product, which was ~65%, Consequently, considerable yields of carbon tet- 
rachloride can be obtained by the oxidative chlorination of methane, 
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THE ACTIVITY OF ZINC OXIDE IN LEAD- AND COPPER-CRUCIBLE 
SLAGS WHICH HAVE BEEN SUBJECTED TO FUMING 


A.I, Okunev and V.S, Bovykin 


(Presented by Academician S.I. Volfkovich, June 22, 1956) 


During an exper{mental study of the fuming of slags of copper melts, it was established that the equilibrium 
state {s closely approached during the liquid-gas reaction in the fuming process, Activity coefficients for the 
zinc oxide in the slag have been calculated from experimental data, The activity coefficient tas the value 
0,95-0,97 for a slag having the composition (in %) SiO, 22-26, Al,O, 5-7, Cu 1,2-2.5, CaO and MgO up to 1.0- 
1.5, Zn up to 5-6, the remainder being FeO. 

x For the sake of simplicity, the activity coeffi- 
“0 cient of zinc oxide was taken as unity in all of the 
following calculations, The discrepancy between the 
calculated data and the results observed with slags 
1§ containing less than 10% zinc was 5-107 Undoubtedly, 
\ a however, the calculation of the activity coefficient 
eb | 


- of zinc oxide both for slags containing a relatively 
N small amount of zinc and, especially, for slags con- 
0 taining more than 10% zinc, would be useful. 


In the present work, the activity of zinc oxide 
was determined in slags having the composition (in 
J %) Zn 16.9, Pb 3.6, SiO, 19.3, CaO 7.4, MgO 6.3, 
Al,0, 5.1, S 1,5, end FeO 39.4, The following data 
were used in the calculations: air input 450 cu. m./ 
0 _ /minute; coal input 90 kg/minute; slag charge 55 
ed 0 0min. tons; process temperature 1150° at the start and 1225° 
Fig. 1, Kinetics of the distillation of zinc from slags: 
a) air; b) alr-oxygen (O, content in the blast 24.8%). (in 9): solid carbon 61,3, volatile matter 20.9, as 
17.7, hydrogen about 4-5 (the remaining constituents 


were not considered in the interest of simplicity). The 
rate of distillation of zinc was determined every 20 minutes according to Figure 1(1). 


In order to calculate the activity of zinc oxide in the slag, it is necessary to consider the reactions: (Zn0) 
slag + CO (gas) = Zn (gas) + CO; (gas) (a), (ZnO) slag + Hy (gas) = Zn (gas) + HzO (gas) (b), and also: HyO +CO = 
CO3(c). 


Of the indicated three reactions, any two are independent. Consequently, only one equation {s required 


for the calculation of a7,¢. It was found 7 means of the usual material balance over one of the participating 
substances (oxygen, in this case), 


We used Reactions (a) and (c), as being the most studied reactions, The equilibrium constant for Reaction 
(a), which is given by the following equation, was in satisfactory agreement with experimental data (2): 


log Kay =~ 6.12, 


e 

: 
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The following equation, which relates the equilibrium constant for Reaction (c) to temperature, also was In good 
agreement with the experimental data (3}: 


We denote by c, b, k, and a, respectively, the number of moles of carbon, hydrogen, oxygen, and nitrogen in the 
coal, 
TABLE 1 
Change in the Activity of Zinc Oxide with the Extent of 
Blowing of the Slag 
Time Zinc content| Activity of | Activity coef- 
(in min.) (in %e) zinc oxide ficient of zine 
oxide 
0-20 16.8-14.3 0,141 0.88 
. 20-40 14,3-12,1 0,122 0.91 
40-60 12,1-10,0 0.103-0.108 | 0,90-0.94 
60-80 10,0- 7.9 0,093 0.95 
1.9- 6.0 0.078 1.0 
100-120 6.0- 4,3 0.055 1,0 
120-140 4.3- 3.3 0.0385 0.97 


The gaseous mixture leaving the slag consists mainly of the following components: Zn, Nj, Hz, HzO, CO, 
and COQ; The amount of each at equilibrium will be: |Zn|=z; x; [H,O]=b-x; |CO]=y; 
CO, =c~y, or altogether M=c+b+z+a, : 


' From processes (a) and (c) we have; 


y)z 
An oxygen balance gives: 
x+y+z 
an 
a0 ed 
xb 
ac 


Fig. 2, Activity of zinc oxide in the slag with re- 
spect to the amount of zinc distilled: a) slag from 
lead melt, air; b) the same with 24.8% O, in the 


blast; c) slag from copper melt. 


(3) = (4) 
= 2(c-k) +b. (5) 


The value of z was calculated from the data of 
Figure 1, The remaining unknowns and the value of 
2ZnO were found by simultancous solution of Equations 
(3) and (5). 


The results of the calculation on fuming with an 
air blast, which are presented in Table 1, show that for 
slags with a zinc content of less than 8% the activity of 
zinc oxide {is close to unity (0.95-0,97), and for a zinc 
content of 15% it decreases to 0,88-0,90, 


In Figure 2, for converience in calculations, is 
shown the dependence of the activity of zine oxide oa 
zine content of the slag. The agreement of the points 
for the slags of both the lead and copper melts of the 
compositions presented above with the average curve 
merits attention, 


The authors express their sincere appreciation to 
Academician S.L, Volfkovich for review of the manu- 
script and valuable comments, 
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SYNTHESIS AND PROPERTIES OF SOME ORGANOSILICON 8 -ALCOHOLS 
(8 -HYDROXYALKYLTRIMETHYLSILANES) 


Associate Member of the Academy of Sciences USSR A.D. Petrov, 


V.A. Ponomarenko and A.D. Snegova 


Organosilicon alcohols with the hydroxyl group in the g -position have been little studied[2,7]. Under the 
influence of well-known works on 8 -cleavage (1, 2), there has been created an exaggezated concept of exception- 


al instability of organosilicon compounds of the type i-c-c-x (X = Cl, Br, OH, and other electronegative 


atoms and groups), among them the &-hydroxyalkylsilanes, this instability leading to B-cleavage under the {n- 
fluence of electrophilic and nucleophylic reagents according to 


7 


Thus, by heating (CH;);SiCH,CH(OH)CH, with several drops of 107% sulfuric acid, Whitmore, Sommer, Gold 
and Van Suien observed vigorous B-cleavage with the liberation of propylene, Data accumulated up to the pre- 
sent time on reactions of B-halosilanes (dehydrochlorination [3], the action of Grignard reagents (4), direct syn- 


thesis (5), Friedel-Crafts reaction (6)}) show that, in general, the rue concept of their instability is serlously in 
need of additions and, in places Of corrections, 


In a number of our previous works, it was shown that electronegative groups on the Si have an effect on the 
reactivity of B-halosilanes. In this connection, attention was given to the role of the stabilizing effect of chloro- 
silyl groups (8). 


Thus, it is self-evident that there would also arise the question of a more detailed study of the properties 
of 8 -hydroxyalkylsilanes: their capacity, not only for B-cleavage, but also for dehydration, the effect of neigh- 
boring atoms and groups on the behavior of an hydroxyl group 6 to Si, the thermal stability of the g -alcohols, 
etc, The aim of the present work was to take the first step in this direction, 


From (CH;)sSiCH,;MgCl and a number of carbonyl compounds — methyl ethyl ketcne, ethyl formate, chloral, 
and benzil — we prepared the g -alcohols for which properties are given in Table 1, 


Analysis of the products of the reaction of (CHg)sSiCH,MgCl with the indicated carbonyl compounds per- 
mitted detection of the formation hot only of the desired 8 -alcohols, but also of dehydzation products of the al- 
’ cohols and products of 6 -cleavage, Thus, during the preparation and purification of satiate | (OH)(CzH,) (D 


Ch 
we were able to {isolate an appreciable amount of an alkenylsilane of the structure (CHy);SiCH,C = CH~CHy (A), 


in which, according to Raman spectra, there was present a very small amount of another fsomeric dehydration 
product Beye = CH, (B). The dehydration of alcohol 1 obviously proceeded both during the decomposi- 


alt, 
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tien of the reaction miature with water and drying of the cthereal solution over NazSO, and during distillation of 
the ether in a columo and vacuum distillation, The yicld of the §-alcohol was very low owing to the dehydra- 
tier. Attention should be given to the order of splitting out of the elements of water; though It did not obey the 
tule of Zaitsev, the preponderant formation of (A), the absence of (CH;)SiICH = CH(CH;) — CH,CH, (C), and the - 
formation of a very small amount of (B) indicate that, apparently, the C~H bond in the y-methylene group fs the 
least stable, Thus, the fact of the dehydration of § -alcohol I adds a new supplement to Whitmore’s system. 


TABLE 1 


¥ vo MR 
Formula of the al- : @ 
a 
1] (CH,)sSICH,—C (OH) (C,H,) | 1.9] 52 | 33 | 0.8451 | 4.4410 |50.40] 50.35 
H 
11 | 7.91 74.5 | 7 | 4.4401 | 0.8369 64.61 
(CH) (OH) | 47.0187 -88 | | 1.4730" | 58.04] 55.61 
Iv (CH,),CH, (CH,) [69.5] Mp | — 
92—-93° 
C,H, 


oe 


During the preparation and {solation of alcohols If and Il, the formation of small amounts of products of 
&-cleavage was observed: (CH,)SiCH;CH, = CH; from II and (CH;),;SiOH from I. No cleavage or dehydra- 

_tlon products were isolated from alcohol IV. In addition, the yields of alcohols I, and, particularly, IV were 
higher than those of alcohols I and IL It is quite probable that, under the conditions of the Grignard reaction and 
of separation from the mixture of reaction products, they are more stable both to g -cleavage and to dehydration. 
Therefore, it must be granted that the nature of the radicals close to the 6 — group can have a substantial 
effect on its reactivity. 


The behavior of these alcohols toward heating also merits attention; the heating was carried out in a Si- 
woloboff bofling point apparatus (9) with small amounts of the material, No decomposition was observed on 
heating alcohols I, H, and Il to boiling. On heating to 230°, alcohol IV was converted, without decomposition, 
to a viscous substance which, after some time, again crystallized. The preduct of the heating of the keto alco- 
hol melted over a broad range close to the melting point of the original keto alcohol. 


Data on the behavior of alcohols I-III to heating are presented {n Table 2, 


Trimethylsilylmethyl-(methyl)-(ethyl)carbinol (I). To a Grignard reagent, prepared from 60 g of (CH;)SiCH;C1 
and 12 g of magnesium in ether, was added 35 g of methyl ethyl ketone, Evolution of heat from the reaction mix- 
ture was observed, and a precipitate was formed, After heating for 4 hours and standing, the reaction mixture was 
decomposed with water, The ether layer was dried over Na;SQ,, and the ether was distilled, 42 g of a mixture 
of reaction products was obtained, 28 g of this mixture was vacuum distilled after additional drying over Na,SO,. 
There were obtained: 


L, A fraction boiling at 18-24° (50 mm), np 1.3912 — evidently a mixture of products of 8 -cleavage; 
(CH,),SiOH ete, 


2, 10 g of (CHy)sSiCgHy, b.p. 57° (49 mm), dy’ 0.7620, nfy 1.4320, Found MR 48,43, calculated MR 48,33, 


Found % C 67,46; 67.37; H 12.65; 12.70; Si 19,55; 19.42, ainick Calculated i C 67,53; H 12.75; 
Si 19,72, 


At atmospheric pressure, the substance boiled at 134° (747.5 mm). 
The following frequencies (in cm7!) were observed In the Raman spectrum of (CH,),SiCgHy* : 164 (4b), 
* The spectral analysis was carried out by Yu.P. Egorov, to whom we express our appreciation, | 
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+ 
. 
a 


191 (4b), 242 (4b), 299 (1), 396 (3b), 485 (4), 606 (8), 659 (1), 692 (4), 790 (1), 862(3b), 957 (2), 1045 (2), 1144 (3), 
1165 (4), 1217 (3), 1250 (3), 1339 (4), 1382 (3), 1417 (4), 1450 (4b), 1640 (1), 1665 (7), 2867 (4), 2900 (10b), 
2920 (3), 2961 (8), 3076 (1), 


TABLE 2 


Pressure, np before nb after Length of 
Alcohol | B.p., °C mm Hg | heating heating heating, Notes 
minutes 


~ 169-171 154 1,4372 1.4382 30 Colorless before and alter 
heating 


0 ~ 206-210 183 1.4392 1.4392 60 
m ~ 213-217 154 1.4740 1,4735¢ 60 Turned slightly yellow after 
beating 


30. 


In the multiple bond region, there were two frequencies: one — principal — at 1665 cm™ and a second ~ 
very weak - at 1640 cm™, Three alkenylsilanes, A, B, and C, could be formed by the dehydration of the alco- 
hol, 


The frequency at 1665 cm*!, together with the 1165 and 1382 cm”! frequencies, indicate that the alkenyi- 
silane has the structure A, since all of these. frequencies are characteristic of a double bond which {s In the B- 
position to an ${[10) and has a terminal methyl group(11). The 1640 em™? frequency and the weak line at 
3076 cm** indicate contamination by compound B with a terminal = CH, which {s characterized, as 1s well 
known, by a frequency of 1638 cm“! The formation of C was spectrally rejected by the absence of lines in the 
region of 1590-1620 cm*!, which are characteristic of the double bond in vinylsilanes (12), 


From 14 g of the remaining mixture of reaction products, 1.5 g (1.9%) of alcohol I was {solated by distilla- 
tion under higher vacuum, 


Found Se: H 12,35; 12.44; C 60,19; 60.21; Si 17.41; 17.38. CsH,,0Si. Calculated % H 12,58; C 59,94; 
Si 17,50, 


_ bis-T rimethylstlylmethyl)carbinol (I). 18.5 g of ethyl formate was added dropwise to a Grignard reagent 
prepared from 75 g of (CHy)SiCH,Cl and 14.7 g of Mg in 225 ml of absolute ether, After carrying out the usual 
operations (heating for 3 hours, decomposing with water, extraction of the aqueous layer with ether, and drying _ 
the ethereal solution of reaction products with Ma,SQ,), there was obtained 25,3 g of a mixture of reaction pro- 

_ ducts, from which, after three distillations under vacuum, was obtained 5 g (7.9%) of pure alcohol I, 


Found % H 11.67; 11.88; C 52.75; 52.86; Si 27.70; 27.82. CsH,OSi;. Calculated % H 11.83; C 52.88; 
Si 27.46, 


In the highly volatile fraction of the reaction products, which was collected in a tap (-70), distillation 
established with certainty only the presence of trimethylallylsilane (1.3 g), b.p. 83-85° (743.7 mm), dy” 0.7216, 
nf 1.4030, Literature data [13]: b.p, 84.9° (737 mm), df? 0,7193, n¥ 1.4074, 


Trimethylsilylmethyltrichloromethylcarbinol (I). 110.8 g of chloral was added dropwise with stirring to 
" (CHy)sSiCH,MgCl prepared from 92 g of (CHy);SiCH,Cl and 18.1 g of Mg in 300 ml of ether, After operations 
similar to those described above, four distillations under vacuum gave 36 g (17%) of alcohol HI, which melted 
at a temperatu.e somewhat above room temperature, 


Found %: H 5.79; 5,55; C 30.89; 30.84; Cl 44,99; 45.17; Si 11,73; 11.96. CyHyCl,OSi. Calculated %: 
H 5.56; C 30.59; C1 45.15; Si 11.91, 


Keto alcohol (IV). The keto alcohol was pre; ared by reaction of (CH,),SiCH,;MgCl (67 g (CH,)SiCH,Cl 


and 15 g Mg in 300 ml of absclute ether) with berzil® (53 g), After heating for 6.5 hours, decom position with | 
water, and distillation of the ether, the reaction product (52,4 g) crystallized, It melted at 92-93° after three 
recrystallizations from ether, 


Found % H 7,32; 7.46; C 72,38; 72.59; Si 10,06; 9.98. CygH,,0,S!. Calculated % H 7.443 
C 72,43; Si 9.40, 
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THE SEQUENCE OF HYDROGENATION OF THE DOUBLE BONDS 
IN CYCLOPENTADIENE OVER Pd- AND Pt- BLACK 


L.Kh. Frefdlin and B.D. Polkovnikov 


(Presented by Academician A.A. Balandin, July 17, 1956) 


There has been little investigation of the selective hydrogenation of conjugated double bonds In cyclic 
hydrocarbons, A detailed study was recently made by us of the sequence of hydrogenation of the double bonds 
{n cyclopentadiene over a skeletal nickel catalyst. It was shown that the cyclopentene begins to hydrogenate 
only after all of the cyclopentadiene is hydrogenated, It was found that strict selectivity of the hydrogenation 
of the conjugated double bonds in cyclopentadiene depends on adsorption replacement by cyclopentadiene of the 
cyclopentene formed. 


In the present work the sequence of hydrogenation of the double bonds in cyclopentadiene over Pd- and Pt- 
black was studied, The reaction was carried out in the liquid phase at 25° and at atmospheric pressure, Cyclo- 
hexane and 96% ethyl alcohol were used as solvents, Electrolytic hydrogen was used, It was established by special 
experiments that proper choice of the vibration rate, the length of the vibration stroke, and the dimensions of the 
vibrating autoclave guaranteed that the reaction would proceed in the kinetic region, 


The black was prepared by reduction of aquecus solutions of Pd and Pt chlorides by formalin fn alkaline 
mediuin, Prior to the hydrogenation, the catalyst was completely saturated with hydrogen over a period of 20 
minutes at the same Vibration rate used in the hydrogenation, 


Since the hydrogenation reaction proceeded at a high rate, the hydrogen consumption was measured each 
30 seconds, The experimental conditions are shown in Table 1, The results obtained are depicted in kinetic 


curves showing the dependence of the rate of hydrogen absorption * on the total volume of hydrogen charged 
tv 


Hydrogenation with Pd-black, From Table 1 (Experiment 1) and Figure 1 {it {s apparent that the rate of hydro- 
genation of cyclopentadiene (~ 0,002 mole) remained constant (11.4 ml per 0.5 minute) until 457% of the re- 
quired hydrogen was absorbed; {.e,, the reaction was zero order, The break in the kinetic curve for the hydro- 
genation of cyclopentadiene corresponds to the time at which one mole of hydrogen (46.9 ml, 49.9 ml required) 
was added, A qualitative test with hydroquinone (1) in parallel Experiment 2 confirmed that there was no cyclo- 
pentadiene in the solution at this moment, The data obtai; ed indicate a sequential hydrogenation of the double 
bonds in cyclopentadiene, It is evident that the part of the kinetic curve following the break gives the rate of 
_ hydrogenation of the cyclopentene formed, The reaction rate in this part was considerably lower, Experiments 
with cyclopentene confirmed this. In the hydrogenstion of cyclopentene (Experiment 3, Figure 1), the first 45% 
of the required hydrogen was absorbed at a constant rate of 5,2 ml/0.5 minute, 


Hydrogenation with Pt-black, The experimental conditions and results are presented in Table 2 and Figure 
2, From the data of Table 1 ft ts evident that the rate of the hydrogenation reaction varies directly with the - 
amount of catalyst (Experiments 5-7) and the amount of cyclopentadiene used (Experiments 8 and 9), 


With 0.1 g of catalyst, the reaction in cyclohexane (Curve 1) and in alcoholic medium (Curve 2) proceeded 
with a slight acceleration, With a smaller amount of catalyst (0,044 g) the reaction in cyclohexane proceeded 


. 
; 


TABLE 2 
Hydrogenation of Cyclopentadiene and Cyclopentene Over Pd- and Pr-Black 
Experimental conditions: teniperature 25°, 10 ml of solvent, 900 oscillations 
per minute, stroke length 12,7 cm, 180-mm long by 30 mm diameter autoclave 


mi / 


Weight in g 
Substance __} solvent 


hydrogenated |sub- |Catal- 
stance peticalActua 


Avera 
of bh 
abs. 


Experiment No, 
ge rate 

0.5 min, 


Catalyst -- Pd-black 


ycjJopentadicne 
49.8° 

cjopentene 
entene ¢ 3 | os 


t--Pt-black 


- 


yclopentadien 


0 
0 
0. 
0. 
0 
0 


yclopentene 
Catalyst-= 


12 1.1347 | 0.002 1224 | 109.2 Por, 


In parallel experiment. 
to completion at a constant rate (Curve 3). In contrast to the kinetic curves obtained with Pd-black, there was 
no break in these curves, The nature of these curves {s such that it {s not possible to determine whether sequen- 
tial saturation of the cyclopentadiene double bonds by hydrogen took place. However, by testing with hydro- 
quinone, it was established that cyclopentadiene was still present in the solution after absorption of 138% of the 
hydrogen required for the hydrogenation of cyclopentadiene to cyclopentene, but was absent after the hydrogen 
consumption reached 167% (Experiment 10). 


Over Pt-black, cyclopentene also hydrogenated at a constant rate which was less thao that of cyclopenta- 
diene (Experiments 6 and 11, Curves 3 and 4), although in alcoholic medium the reaction proceeded at a higher 


rate, 


ml hydrogen per 


stor 2 
1 


40 
Fig. 1. Hydrogenation of cyclopentadiene (1) and cyclopentene (2) in cyclo- 
hexane over Pd-black. ; 


Using a catalyst consisting of Pt (5%) supported on barium sulfate, the hydrogenation of Cac naitnistans 
also proceeded non-selectively (Experiment 12), 
Thus, over Pd-black, as over skeletal nickel catalyst, the conjugated double bonds of cyclopentadiene are 


1 
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hydrogsnated successively: 


NZ 


while they are hydrogenated simultaneously over Pt-black. 


~ 


. 


” 0 D0 80 10 
Fig. 2. Hydrogenation of cyclopentadiene (1-3) and cyclopentene (4) over Pt- 
black; a) in cyclohexane; b) in 96% ethyl alcohol, 


ml hydrogen per 0.5 min, 
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REACTIONS OF THE SUBSTITUTION OF CHLORINE IN DICHLORO- 
METHYLDIMETHYLCHLOROSILANE AND BIS(CHLOROMETHYL)- 
METHYLCHLOROSILANE BY ALKOXY GROUPS 


Associate Member of the Academy of Scicnces USSR K.A. Andrianoy 
and M.A. Golubenko 


The substitution of alkoxy groups for chlorine in alkyl- and arylchlorosilanes proceeds smoothly with the 
formation of alkyl- and aryloxysilanes[{1, 2). @ -Chloroethylchlorosilanes and @ -chloromethylchlorosilanes re- 
act with alcohols with the formation of @ -chloroalkylalkoxysilanes (3-5), 


We considered It of interest to study the substitution of the chlorine on the silicon atom by alkoxy groups 
through the action of alcohols on dichloromethyldimethylchlorosilane and bid chloromethyl)methylchlorosflane, 
It is well known that an Increase in the number of chlorine atoms a to the silicon atom sharply incceases the 
lability of the C—Si bond; during hydrolysis with water, this C—Si bond is broken: 


C1,CSICI, + 41,0 — S1(OH), + + HCC, 


Consequently, rupture of the Si-C bond would be expected under the direct action of alcohol on dichloromethyl- 
dimethylchlorosilane and bis (chloromethyl)methylchlorosilane, when, along with hydrogen chloride, water Ls also 
libereted (by the actlon of the hydrogen chloride on the alcohol) and can cause splitting off of the C1,CH group. 
This would be reflected tn the yield of dichloromethyldimethylalkoxysilanes and bis(chloromethyl)methylalkoxy- 
silanes, A study of the substitution of chlorine {n dichloromethyldimethylchlorosilane and bis(chloromethyl)- 
methylchlorosilane was carried out with ethyl, tsopropyl, n-butyl, and fsoamyl alcohols. 


Under the experimental conditions used, splitting off of a C1,CH group was not detected during the reaction 
of dichlorcmethyldimethylchlorosilane and of with alcohols, and the reac- 
tion proceeded according to: 


Cl +ROH~ Cl OR + HCl; 
{ 
Cle Cit + 


(CICH,),S! — Cl + ROH + (CICH,),S! — OR + HCl 


In these reactions, dichloromethyldimethylalkoxysilanes and bis(chloromethyl)methylalkoxysilanes were 
obtained in good yields, comparable to yields of chloromethyldimethylalkoxysilanes, 


Therefore, under the conditions of the experiment, f.e., in strongly acid medium, rupture of the Si-C 
bond in dichloromethyldimethylchlorosilane and in bixchloromethyl)methylchlorosilane was not observed, New 
compounds, the properties of which are presented in Table 1,were prepared by means of the indicated reaction, 
EXPERIMENTAL 
g -Chloromethyldimethylmethoxystlane, In a flask, fitted with a reflux condenser, a dropping funnel, a 


| 
| 
a 


TABLE 1 


| MRp 
: 
ig 
Chloromethyldimethyl- 116, 5— | | 
methoxysifane CICH,(CH,),SIOCH, | 447 | 750! 35.84] 35.59 
Chloromethyldimethyl- | 
ethoxystlane CICH (CH,):StOC,H, | 131.5] 745] 7910.9512/1 4185) 40.41] 40,20 
Chlorome thyldimethyLlso- 
propoxysilane CICH,(CH,):StOC,H, | 144.5) 750] —/0.9473/1.4192] 45.13, — 
Chloromethyldimethyl-n- 
butoxysilane 7—38] 73'0.9406)1.4262) 49,77) 49.36 
Chlorome thyldimethyLiso- 
amoxystilane | 38—40] 4] 64/0.9118/1.4270] 54.42) 54.40 
— | 62—63] 10] 67/1 4402] 45.33) 45.07 
Dichloromethyldimethyl- 
iscpropoxystlane Cl,CH(CH,),SIOC,H, 176 | 750! 49.98] 49.4% 
Dichloromethyldimethyl- 
n-butoxysilane | 73—74] 54.63] 54.34 
Dichloromethyldimethyl- 
{soamoxysUane | 47—48} 2) 82/1.0297/1. 4458] 59.28) 59.39 
Bix chloromethy1)methyl- 
ethoxysilane (CICH,)sCH,SIOC,H, 40 2} 45.33) 44.78 
Bis(chloromethyl)methyl~- 
o-butoxysilane (CICH,);CHySIOC,H, =| 62—-G4] 54.63) 54.19 
Bis¢chloromethyl)methy} 116— 
fsoamoxysilane 118 16) 75]1.0551]1.4522] 59.28] 58.55 


thermometer, and a stirrer, was placed ‘100 g (0.7 mole) of chloromethyldimethylchlorosilane (b.p. 114-114.5°; 
Cl, Volhard method, 25.127) and 110 g (0.74 mole) of diethylaniline (b.p. 214°), The mixture was heated and 
stirred, After reaching a temperature of 60, 32 g (1 mole) of methyl alcohol (b.p. 64°) was added over a period 
of two hours. After the introduction of all of the alcohol, the reaction mixture was stirred at a temperature of 
60-70" for half an hour. On cooling, a precipitate, dicthylaniline hydrochloride, separated, The filtrate was dis- 
tilled from a Favorsky flask. After a second distillation, a product bolting at 116-117° was obtained, There was 
obtained 29 g of chloromethyldimethylmethoxysilane, b.p. 116.5-117°; nj 1.4310; ay? 0.9890; yield 30%, 


Found % C 35,01; 34.87; H 8.03; 8.33; cl 25,19; 25,32; Si 18,79; 19.72, CgHyOC!Si, Calculated %e 
C 34.64; H7.92; Cl 25,57; Si 20,25, 


a -Chloromethyldimethyl-n-butoxysilane, This compound was similarly prepared from 71,5 g (0.5 mole) 
of chloromethyldimethylchlorosilane (b,p, 114-114,5°; Cl, Volhard method, 25,12%) and 50 g (0.67 mole) of a- 
butyl alcohol (b.p. 116°; nf} 1.4003), The product was distilled under vacuum from a Clalsen flask, 65.8 g of 
chiosomethyldimethylbutoxysilane was obtained; b,p, 37-38°/3 mm, 1,4262; dj? 09406; yleld 73%, 


Found % C 46,25; 46,11; H 9,20; 9,07; Cl 19,20; 19,38; Si 15,25; 15.34, CyH,yOCIS, Calculated % 
C 46.51; H 9,47; Cl 19,61; Si 15,84, 
q-Chloromethyldimethylisoamoxysilane, This compound was similarly prepared from 40 g (0,28 mole) of 
chloromethyldimethylchlorosilane (b,p, 114-114,5°; Cl, Volhard method, 25.12%), and 30 g (0.34 mole) of 
amyl alcohol (bp, 137; a} 1,4090), The product was distilled under vacuum from a Clalisen flask, 35 g of 


- 
5 

or 

a 


chloromethyldimethylisoamoxysilane was obtaincd; b.p, 38-40°/1 mm, 1.4270, df” 0.9118, yield 647, 


Found Gz C 49,72; 49.80; H 9.69; 9.43; Cl 17,83; 18.01; Si 14.20; 14.47, CgH,OCISI. Calculated $< 
C 49,33; H 9.83; Cl 18.20; Si 14.42, 


dichloromethyldimethylchlorosilane(b.p. 148°; Cl, Volhard method, 20,327) and 50 g (1.1 mole) a absolute 
ethyl alcohol, The product was distilled under vecwuea from a Dagoamtes flask, $4 g of dichloromethyldlinethyl- 
ethoxysilane was obtained; b.p. 62-63°/10 mm, nb 1.4402; dj? 1.0880; yleld 61%, 


Found % C 32,48; 32.36; H 6.51; 6.31; Cl 37.70; 38.34; S{ 15.31; 15,2, CgHyOC1,Si. Calculated % 
C 32,09; H6.46; C1 37.88; Si 14,95, 


Dichloromethyldimethylsopropoxysilane, This compound was similarly prepared from 35 g (0.2 mole) of 
dichloromethyldimethylchlozosilane (b.p. 148°; C1, Volhard method, 20.32%) and 15 g (0.25 mole) of isopropyl 
alcohol (b.p. 83°, nfy 1.3792). The product ae distilled from a Favorsky flask. 26 g of dichloromethyldimethyl- 
fsopropoxysilane was obtained; b.p. 176°, nb 1.4412, 1,0778, yield 65%, 


Found c 35.71; 35.92; H 6.65; 6.86; Cl 36.01; 35.82; st 14,38; 14.4. Calculated 
C 35.82; H7.01; C1 35.24; Si 13.96, 


ch hlorosilane (b. . Ci, Volhard method,'20.327-) and 25 g (0.34 mole) of n-butyl 


alcohol (b.p. 116°; nb 1.4008), The product was distilled under vacuum from a Clafsen Mask, 37 g of dichloro- 
methyld{methylbutoxysilane was obtained; b.p, 73-74°/5 mm, nfy 1.4450, dy” 1.0480, yield 60%. 


Found % C 39,22; 39.30; H 7.51; 7.81; C1 32,35; 32,58; Si 12,38; 12.78. C;HyOC,Si, Calculated 
C 39.06; H 7,48; C1 32.95; Si 13,05, ; 


Dichloromethy!ldimethyllsoamoxystlane, This compound was prepared from 35 g (0.2 mole) of dichloro- 
methyidimethylchiorestiane (b.p. 148°; Cl, Volhard method, 20.32%) and 20 g (0,23 mole) of isoamyl alcohol 
(.p. 137, nb 1.4090), The product was distilled under vacuum from a Ciatees flask. 37 g of dichloromethyl- 
dimethyl{soamoxysilane was obtained; b.p. 47-43°/2 mm, nb 1,4458, dy” 1.0297, yleld 827% 


Found C 42,22; 42.49; H 7.54; 7.98; Cl 30,75; 30.35; Sf 11.84; 11.96. CgH,OCI,Si, Calculated 
C 41.91; H 7.91; C1 30,93; Si 12,25, 


Bis(chloromethyl)methylethoxysilane, This compound was similarly prepared from 40 g (0,22 mole) of 
bis chloromethyl)methylchlorosilane (b.p. 170°; Cl, Volhard method, 20,227) and 20 g (0,43 mole) of absolute 
ethyl alcohol, The product was distilled under vacuum from a Clatsen flask, 32 g of bis(chloromethyl)methyl- 
ethoxysilane was obtained; b.p, 40°/2 mm, np 1.4512, dy 1,113, yield 76% 


Found 32,23; 32.01; H 6.50; 6.29; C1 37.98; 37.75; Si 14.35; 14.38. Calculated 
C 32,09; H6.46; C1 37.88; St 14.95, 


Bis(chloromethyl)methyl-n-butoxystlane, This compound was s{milarly prepared from 35 g (9,2 mole) of 
(b.p. 170°; Cl, Volhard method, and 25 g (0.34 mole) of n-butyl 
alcohol (b.p, 116’, ny 1,4008), The product was distilled ome” vacuum om a Claisen flask, 36 g of bixchloro- 
was obtained; b,p, 62-64'/2 mm, 1.4515; dj’ 1,0681, yleld 84%, 


Found % C 39,34; 39.80; H 7.05; 7.52; Cl 32,31; 32,83; $1 12,68; 12.74, CyHyOCI,S1, Calculated % 
H 7,48; C1 32,95; 13,05, 


Bi{chloromethy!)methyllsoamoxystlane, This compound was similarly prepared from 35 g (0,2 mole) of 


biXchloromethy))methylchlorosilane (b,p. 170°; Cl, Volhard method, 20,22%) and 20 g (0,23 mole) of lsoamyl 


; 
| 
| 
‘ 
2 


alcebol (d.p. 137, nb 1.4090). The product wes distilled from a Clalsen flask. 34 g of bis(chloromethyl)methyt- 
tscamoxysilane was obtained; b.p, 216-118°/16 mm, np 1.4522, 1.0551, yleld 15% 


Found C 41.34; 41.62; H 7.96; 8.34; Cl 30.98; 30.61; 11.93; 11.63. Calculated 
C 41.91; H 7.91; C1 30.93; Si 12,25. 
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SOME REACTIONS OF 1,4-DICHLORO-2-BUTANONE 
Yu.A. Arbuzov, B.L. Dyatkin and S.A. Shevelev 


(Presented by Academician A.N.Nesmeyanov, July 3, 1956) 


By the action of potassium acetate In glacial acetic acid on 1,4-dichloro-2-butanone at room temperature, 
we obtained, in 72% yield, the product of the substitution of an acetoxy group for one chlorine atom in the 1,4- 


‘dichloro-2-butanone molecule, Heating this product under vacuum with potass{um bisulfate gave chloromethyl — 


vinyl ketone. Hence, ft follows that the substance obtained by us by the action of potass{um acetate on 1,4-dl- 
chloro-2-butanone was 1-chloro-4-acetoxy-2-butanone. It was of interest to us to clarify whether the formation 
of 1-chloro-4-acetoxy-2-butanone (II) from 1,4-dichloro-2-butanone (I) occurred by double decomposition or 
through the Intermediate formation of chloromethyl! vinyl ketone (II) with subsequent addition of acetic actd to 
Ol. This required investigation of whether potass{um acetate splits hydrogen chloride from 1,4-dichloco-2-buta- 
none and of whether acetic acid adds to chloromethyl vinyl ketone. 


a 


In order to determine whether potassfum acetate splits hydrogen chloride from 1,4-dichloro- 2-butanone, 
cyclopentadiene and 1,4-dichloro-2-butsnone were added to a solution of potass{um acetate in ethanol at room 
temperature, The product of the addition of chloromethyl vinyl ketone to cyclopentadiene was {solated from 


the reaction mixture in 81% yield. This showed that potassium acetate splits hydrogen chloride from 1,4-dichloro- 
2-butanone, 


Next, it was desired to determine whether acetic acid adds to chloromethyl vinyl ketone at room tempera 
ture. An attempt to add acetic acid to chloromethyl vinyl ketone in the absence of a catalyst failed, However, 
by carrying out the reaction in the presence of potasslum acetate, 1-chloro-4-acetoxy-2-butanone was obtained 
(in 67% yjeld). Thus, it was shown that the addition of acetic acid 1s catalyzed by potassium acetates 


It follows from these results that the reaction of 1,4-dichloro-2-butanone with potassium acctate {n acetic 


acid, which leads to the formation of 1-chloro-4-acetoxy-2-butanone, proceeds through the intermediate forma- 
tion of chloromethyl vinyl ketone. 


Further, we discovered that the product of the addition of chloromethyl vinyl ketone to 1,1°-dicyclohex- 
enyl is also formed by heating a mixture of 1-chloro-4-acetoxy-2-butanone with 1,1'-dicyclohexenyl in the 
presence of potassium acetate, It was thereby shown that acetic acid can be split from 1-chloro-4-acetoxy-2 
butanone by heating in the presence of potassium acetate, 


We obtained acetoxymethyl vinyl ketone by heating potassium acetate in glacial acetic acid with chloro- 


methyl vinyl ketone, Heating acetoxymethyl vinyl ketone with 1,1°*-dicyclohexenyl -2,3,° 
4 »5-dicyclohexano-3-cyclohexene, 


_ © We showed that formic acid adds to chloromethyl vinyl ketone on heating. 


: 
4 
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EXPERIMENTAL 


drous potassium in 75 ml of glacial acetic acid was added 2 2 g (0.2 mole) cf 1 4- -2-butanone, 
After a day, the potassium chloride was filtercd, a large part of the acctie acid was distilled under vacuum, the 
residue was poured Into water, and the mixture was neutralized with sodium a and extracted with ether, 
23.9 g (72%) of 1-chloro-4-acetoxy-2-butanone was obtafacd; b.p. 93-95" at 2mm, njy 1.4565, df 1.2236, 

MRp 36.60, calculated for CgH;O,Cl 36.44. 


Found %: C 44.16; 44.00; H 6.01; 5.81; Cl 21. 48. CH,Q,Cl. Calculated %: C 43.68; H 5.64; Cl 21.54. 


Elimination of acetic acid from 1-chloro-4-acetoxy-2-butanone. A mixture of 12 g (0.073 mole) of 1- 
chloro-4-acetoxy-2-butanone and 1.5 g of finely ground potassium bisulfate was heated under vacuum. The dis- 
tillate, which was collected at a bath temperature of 145-150° and 30-35 mm pressure, was poured into water, 
and the mixture was neutralized with sodium bicarbonate and extracted with ether, 2.3 g (30%} of chloromethyl 
vinyl ketone was obtained; b.p. 57-60° at 32 mm, np 1.4690, d? 1.1478, MRp 25.36, calculated for CgHgOCl [= 
25.98. Literature data{1): b.p. 56.5-57° at 31 mm, nb 1.4690, dq? 1.1451, 


A mixture of 2.2 g (0.02 mole) of the chloromethyl vinyl ketone obtained in this experiment and 3.5 g 
(0.02 mole) of 1,1*-dicyclohexenyl was heated fn the presence of hydroquinone on a boiling water bath for 3 
hours. There was obtained 3.0 g (53%) of the addition product melting at 101.5-103,5°, After recrystallization 
from ethanol, m.p. 104-104.5°. A mixture of this material with a known sample of 1-chloroacetyl-2,3,4,5-di- 
cyclohexano-3-cyclohexene (m.p. 104,5-105°) melted without depression of the melting point. 


Literature data [1]: m.p. 104.5-105°. 


Addition of acetic acid to chloromethyl vinyl ketone. To a solution of 5 g of anhydrous potasstum acetate 
in 45 ml of glacial acetic acid was added 26.5 g (0.255 mole) ef chloromethyl vinyl ketone, The mixture stood 
at room temperature for 3% days, and was then poured {nto water, neutral{zed with sodium bicarbonate, and ex- 
tracted with ether. There was obtained 28.0 g (677) of 1- —— -4- —- -2-butanone boiling at 97-100° at 4 
mm. After a second distillation: b. P- 92-93° at 1.5 mm, nb 1.4560, ay 1.2270, MRp 36.45, calculated for 
C,H,O,Cl 36.44. 


Addition of formic acid to chloromethyl vinyl ketone. A mfxture of 15.6 g (0.149 mole) of chloromethyl 
vinyl ketone and 50 ml of anhydrous formic acid was heated on a boiling water bath for 1 hours. The mixture 
was pourcd onto crushed {ce, neutralized with sodium bicarbonate, and extracted with ether, There was obtained 
11.8 g (537) of 1-chloro-4-formoxy-2-butanone boiling at 86-90 at 2mm. After a second distillatton: b.p. 
99-100" at 5 mm, 1.4640, 1.2955, MRp 32,06, calculated for CsH;O,C1 31.82, 


Found 7+ C 39.76; 39.88; H 5.03; 5.13. CgH,;O,Cl. Calculated 7+ C 39.88; H 4.69, 


Reaction of chloromethyl vinyl ketene with potassium acetate, A mixture of 13,3 g (0.136 mole) of an- 
hydrous potassfurn acetate, 37 ml of glacial acetic acid, and 14.0 g (0.136 mole) of chloromethyl vinyl ketone 
was heated on a boiling water bath for 6 hours, The mixture was then cooled, the potassium chloride siltered, 
and the filtrate fractionated uncer vacuum. There was obtained 5.65 g (337) of acetoxymethyl vinyl ketone; 
b.p. 73-74" at 8 mm, 1.4452, dj? 1.0882, MRp 31.34, calculated for |= 31.11, Literature data[2}: b. 
p. 70-71° at 14 mm, nb 1.4355, df° 1.0788; [3] b.p. 83° at 14 mm, nj§ 1.4455; (4): b.p. 81° at 12 mm, 


A mixture of 1.8 g (0.014 mole) of acetoxymethyl vinyl ketone and 2.5 g (0.015 mole) of 1,1'-dicyclo- 
hexenyl was heated in the presence of hydroquinone on a boiling water bath for 3 hours, The mixture solidified 
on cooling. The crystalline mass was ground with petroleum ether, and the crystals were filtered and washed 
with cold ethanol, There was obtained 3,2 g (73%) of 1-acetoxyacetyl-2,3,4,5-dicyclohexano-3- cyclohexene 
melting at 127-128.5°, After two recrystallizations from aqueous acetone, it melted at 134,5-135°, The addi- 
Won product crystallized {n the form of very fine thread-Like crystals. 


Found %< C 14.82; 14.67; H 9.18; 9.25, CyHyO,. Calculated % C 74.45; H 9,02, 


Preparation of from 1,4-dichloro-2-butanone, potassium 
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acetate, and cyclopentadiene. Ina flask, fitted with a reflux conderser, were placed 9.9 g (0.15 mole) of cyclo- 
pentadiene and a solution of 9.8 g (0.1 mole) of anhydrous potassium acetate in 40 ml of 95% ethanol. 14.18 
(0.1 mole) of 1,4-dichloro-2-butanone was then added, Potassium chloride began > precipitate at once, and 
considerable heat was evolved from the reaction mixture, The flask was cooled and allowed to stand at room 
temperature for 12 hours. 13.9 g (81%) of 1-chloroacetyl-2,5- bofling at 98-100° 
at 7mm was obtained, After a second distillation: b.p. 94-95° at 5 mm, 55 1.5133, & 1.1772, MR, 43.61, 
calculated for CyH,yOCI [=43.77. Literature data(1}: b.p. 92 at 4mm, np 1.5134, 1.1747, 


Preparation of 1-chloroacetyl-2,3,4,5-dicyclohexano-3-cyclohexene from 1-chloro-4-acetoxy-2-butanone, 

Potassium acetate, and 1,1'-dicyclohexenyl. A mixture of 1.6 g (0.01 mole) of 1-chloro-4-acctoxy-2-butanone, 
1,6 g (0,01 mole) of 1,1°-dicyclohexenyl, and a small amount of potass{um acetate was heated on a boiling water 

bath for 2% hours, 0.7 g (26%) of an addition product melting at 104-105° was obtained. A mixture of this ma- 


terial with a known sample of 1-chloroacetyl-2,3,4,5;dicyclohexano-3-cyclohexeze (m.p, 104.5-105°) melted 
without depressfon of the melting point, 
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NEW TROPYLIUM SALTS, POLAROGRAPHY OF THE TROPYLIUM ION 


M.E. Volpin, S.1, Zhdanov and Associate Member of the Academy of Sciences, USSR 


D.N. Kursanoyv 


Recently, Doering and Knox (1) prepared salts of cycloheptatrienylium (tropylium) — a stable, seven-mem- 
bered carbonium fon — possessing aromatic properties as a result of conjugation of six #-electrons; 


x- 


The study of derivatives of this new non-benzenold aromatic systeni{s undoubtedly of considerable Inter- 
est. 


Up to the present, not many tropylium salts have been known -— tiopylium bromide and chloride (1) and, 
according to a recent paper (2} tropylium {socyanate, These salts are high-melting crystalline substances, very 


readily soluble in water and insoluble in non-polar organic scusniao they are very hygroscopic and deliquesce 
in air, 


Three new tropylium salts were prepared in the present work; tropylium chloroplatinate, 


tropylium perchlorate, and tetraphenylborowopylium, C,H;- and the polarographic reduction 
of the tropylium fon was studied, 


A distinguishing characteristic of these salts ts their difficult solubility in water, Therefore, they canbe 
obtained from aqueous solutions of tropylium bromide by appropriate exchange reactions; 


2C;H,Br ae H,PtCl, > (C,H,),PtCl, +. 2HBr, 
C;H,Br + HCIOg—» + HBr, 
C,H,Br 4- NaB C,H,B + NaBr. 


It {s essential to note that the bond of the boron with the cycloheptatrienylium group in tetraphenyIboro- 
tropylium can only be fonic, since boron cannot form a fifth covalent bond, On the basis of the available data, 
it ts impossible to completely eliminate the possibility of the formation of a partially covalent bond between the 
C,H, group and the anion in the previously known tropylium halides, Thus obtaining a stable tropylium salt with 


the B(CgH,)z anion fs important confirmation that topylium actually forme: an fonic bond and {s a stable organic 
cation, 


Tropytiem satin was prepared by adding an excess of 30% HCIO, to a solution of tropylum bromide 
in a small amount of water; the topylium perchlorate precipitated {n the form of colorless needles (over 95% 
yleld); it is readily soluble in hot water, difflculdy soluble in cold water, and insoluble in non-polar organic 
solvents, Its solubility at 20° is 3,2 g per 100 g of water and 0,26 g per 100 g of absolute alcohol, Boiling or 
prolonged heating causes partial decomposition of the salt and colors the solution green, Tropylium perchlorate 


is not hygroscopic and {s completely stable in air; on heating to a temperature of about 230%, it explodes without 
melting. 


Found % C 44,26; 44,09; H 3,87; 3.75, C,H,O,CL Calculated % C 44.11; H 3.71, 
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Fig. 1, Polarization (1-8) and electrocapillary 
{o = f(¢)](L I) curves of the solutions; 1) 
0.1 M LiCl; 2) 0.1 M‘LICI + 10°! M C,;H,ClOg 
3) 0.1 M LiCl + M Cy;H,C10,; 4) 0,1 
M LiCl + 3-10 M C,H,C1O,; 5) 0.1 M + 
6) 0.1 M LiCl + 6-10~¢ 
M C,H,C10,; 7) 0.1 M LIC] + 8+ 10-4 C,H,C10,; 
8) 0.1 M LiCl + 10°? MC,H,ClO,. 1) 0.1M 
HC1O,; I) 0.1 M HCIO, + 107? M 
Dropping mercury cathode, m = 1.9 mg/sec, 
t = 6 sec, in 0,1 M LiCl, and P = 30 cm Hg 
= 0), t= 25°, 


Fig, 2, Polarization curves of the solutions; 1) 
0.1 M LIC]; 2) 0,1 M LIC] + 1,17- M 
3) 0,1 M LIC] + 2,63- 10°°M C,H,Br; 4) 
LIC] + 3,37- M C,H,Br; 5) 0,1 M LiCl + 
+ 4,82°10~* M C,H,Br; 6) 0.1 M LiCl + 6,44- 
* M C,H,Br; 7) 0.1 M +8,92- 107M 
C,H;Br, P = 30 cm Hg t = 25°, The true con- 
centration of C,H,Br in all cases was somewhat 
lower than that indicated owing to partial resin- 
{fication of the preparation, 


Tropylium hexachloroplatinate was ob- 
tained in quantitative yield by mixing aqueous 


_ solutions of chloroplatinic acid and tropyum 


bromide, An orange precipitate separated, the 


color intensity of which increased on heating; above 175°, it darkened and decomposed without melting, The 


solubility of tropylium hexachloroplatinate at 20° fs 0.35 g per 100 g of water and 0.03 8 per 100 g of absolute 
alcohol; it fs insoluble in ether, benzene, tacit and acetone, 


Found # C 28.23; 28.19; H 2.45; 2.36; Cl 36.21; 36.26; Pt 33.06; 33,26. CyH ChPt, Calculated % 


C 28.49; H 2,39; C1 36.04; Pt 33,08, 


Sul less soluble in water {s tetraphenylborotropylium, which was prepared in quantitative yleld from tro- 
pylium bromide and tetraphenylborosodium,* Its solubility in water at 20° {s of the order of 0.01 g per 100 g. 
This orange powder, with a melting point of 120-121,5°, is insoluble in alcohol and non-polar organic solvents, 


Found C 91.02; 91,13; H 6,77; 6.94; B 2.47; 2.32. Cy,HyP. Calculated C 90.73; H6.63; B 2.64 


The low solubility in water of twopylium hexachloroplatinate and, especially, of tetraphenylborotropylium 
permits the use of the corresponding reagents — chloroplatinic acid and tetraphenylborosodium — for the identifi- 
cation and quantitative determination of the tropylium fon, The determination can be carried out in aqueous or, 
with greater accuracy, in alcoholic solutions, This quantitative separation of tropylium from aqueous solutions 


considerably facilitates work with tropylium salts, 


authors are deeply | indebted to N.S, Kochethov and V, A. Sazonova for advice during the 
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As ls well known, potassium perchlorate, potassium chloroplatinate, and tetrapheny boropotassium are dif- 
flcultly soluble compounds and are used for the analytical determination of the potassium fon, Thus, a certain 
simllarity in the solubility of potassium and tropylium salts was observed, An attempt to prepare tropylium co- 
baltinitrite (in analogy to potassium cobaltinitrite) falled, since the tropylium lon underwent chemical ee 
probably as a result of attack by the NO radical, 


Absorption spectra in the ultaviolet region of aqueous solutions of these tropylium salt were similae to the 
previously described spectrum of tropylium bromide (may 275 mH, log € = 3.64) (1} which confirms the pre- 
sence In solutions of these salts of the same tropylium fon, An aqueous solution of (C;H,),PtCl, absorbed at 
A max 273 my, log € = 3,7 (calculated for CyHy- %PtCk): Amax did not change on acidification of the solution, 
For tropylium perchlorate in acid solutions, X p44 Was also 273 my (log € = 3,65); without the addition of acid 
Amax shifted as a result of partial hydrolysis in 1- 107 M solutions to 256 my (log ¢ = 3.6). 


The tropylium saits displayed a rather complex polarographic behavior, Depending on the concentration 
of C,H,ClO, (Figure 1) or C;H,Br (Figure 2), there were three or four waves on the polarization curves, and ao 
increase in current at appcoximately —1,1 v and a drop at— 1,25 v were also observed. A comparison of Figures 
1 and 2 shows a similarity in the polarographic behavior of C,H,Br and C,H,C10, solutions; this provides confir- 
mation that both salts In aqueous solutions dissociate with the formation of the same fon, CyHy*. 


Beginning at (C;H,;C10,) = 3° 1074 M, {) ceases to depend on [C;H;C10,}, and {s proportional to the height 
of the mercury column (h), indicating its adsorption nature, At (C;H,C1O,) < 3-10 M, ty of the first wave is 


proportional to Vh, Calculation of the diffusion coefficient of C,H,* by the Ikovic equation from {j of the first 
wave gives a plausible value (0,4-107* cm'/sec) on the assumption of a two-electron process, The surface ac- 
uvity of topytium salts on the positively charged Hg surface (Figure 1, I!)* can possibly be related to the actloa 
of reduction products, The height of the second wave at (C,;H,C10,] = 3° 107* M does not depend on h; conse- 
quently, it {s determined by the rate of a chemical conversion, the mechanism of which still has not been estab= 
lished, A comparison of the polarization and electro-capillary curves leads to the conclusion that the current 
drop at — 1.25 v is caused by desorption of a reducible substance, The nature of the current rise at —1,1 v sul 
remajns unclear, : 


. The wave at — L55 v corresponds to the discharge of H* fons, which are present as a result of hydrolysis 
of the tropylium salt; it increases with acidification and disappears with alkallzation of the solutfon, With 
greater alkalization, the remaining waves decrease and disappear owing to conversfon of the tropylium to the 
undissoctated carbinok’ 


C,H} + OH- C,H,OH. 


The small kineidic wave before the H* fon wave possibly corresponds to the catalytic Mberation of hydrogen, 
The polarographic investigation of tropylium derivatives continues, 
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AMINATION OF CHLORINATED RUBBER 


| WV. Kabaivanov, M. Mikhailov and Kh. Karanovea 


(Presented by Academician I.N, Nazarov, October 16, 1956) 


A patent on the amination of chlorinated rubber appeared in 1951[2).By heating a 20% solution of chlorinated 
rubber (64% Cl) with an equal amount of ammonia plus a small amount of a sulfonation product as an emulsifier 
for three hours in an autoclave, the authors obtained a brown mass containing 4.17 Nz and 277% Cl which was in- 
soluble in the usual rubber solvents. 1 kg of this mass absorbed 118.8 g HCl from 1 N hydrochloric acid and 10.3 
g HCI from 0.001 N hydrochloric acid. In 1952, one of the authors of the method patented a new method for the 
preparation of aminochloro rubber. By treating a 20% dioxane solution of hydrochlorinated rubber (16-18% C1) 

° or chlorinated rubber (62-64% Cl) with an excess of ammonia or ethylenediamine at 90° for 1-2 hours, he ob- 
tained a product which also possessed anion exchange properties. Used as a filler for rubber, the product accel- 
erated vulcanization and improved the rubber properties with respect to oxidation resistance, abrasion, off re- 
sistance, and adhesion of the vulcanizate to cellulose derivatives, 


The products of the amination of chlocinated rubber could have important fields of application, the most 
important of which Is the use of their fon exchange properties. However, a satisfactory solution to the problem 
of preparing aminochloro rubber with the properties required in the practice of fon exchange {s possible only 


_ through 'a more systematic investigation of the processes for the amination of chlorinated rubber. We were un- 


able to find any data on this problem in the literature. The task of the present work consisted in making a start 
on such an investigation, 


Atination of chlorinated rubber can be numbered among the reactions converting linear high molecular 
compounds to flat three-dimensfonal compounds by polycondensation with di- and polyfunctional low molecular 
substances. The composition and structure and the dependent fon exchange properties of the amination product 
undoubtedly exhibit a complex dependence on a number of factors: the average molecular welght, polydisper- 
sion, the degree of substitution of the chain of the original chlorinated rubber by chlorine (cE), the nature of 
the low molecular aminating agent, and the reaction conditions, {.e., the concentrations of the original matettals, 
the catalytic agent, the temperature, the pressure, and the reaction time. ‘This dependence has a statistical 
nature, both during the conversion of lfnearhigh molecular compounds to flat three-dimensfonal compounds and 
during amination. Its theoretical and experimental study is attended by great difficulty. 


In the present paper are presented the results of an investigation of heterogeneous amination of solid 
chlorinated rubber with an aqueous solution of the aminating agent under pressure, First, the effect of tempera- 
ture on the amination process was studied. For this purpose was used "Pergut-S*-90 brand chlorinated rubber, 
containing 63% Cl (1.e., having « degree of substitution in the chain by chlorine, according to Korshak[3), 


_ CF! = 81.5), and ammonia in the form of a 26% aqueous solution as the aminating agent. The molecular ratio 


of ammonia to chlorine in the chlorinated rubber was 10:1. Six experiments were camled out at 10° intervals 
from 95 to 145°. 


Under these conditions, the following processes would be expected to occurs 


‘1, Substitution of chlorine atoms by amino groups. It is well known that this reaction in low moletular 
compounds does not stop at the primary amine stage, but proceeds further, at almost the same rate, forming 
secondary and tertiary amines and quaternary ammonium bases. Under selected amination conditions, the mole- 
cules of chlorinated rubber have a microbrownlan movement, Owing to this, the introduced amino group will 


: 
P 


have a Limited vibration about an average position, as a result of which their collision with chlorine atoms con- 
nected to other chains and the conversion to secondary and tertiary “cross-linking” amino groups {s not very prob- 
able. The formation of quaternary nitrogen bridges must be excluded owing to steric hincrance, but even if sich 
are formed at a specific instant, they immediately undergo Hofmann degradation to tertiary nitrogen bridges re- 
sulting in the emergence of double bonds at the corresponding sites in the chain. 


2. Intramolecular and intermolecular dehydro- 
4 YY chlorination, of which the first leads to the formation of 
double bonds and the second to the formation of a three- 
dimensional structure for the product. It would be ex- 
pected that these processes would proceed rather rapidly, 
since in a moist atmosphere chlorinated rubber splits out 
hydrogen chloride even at 70°[4). A secondary polymer- 
bs ization cross-Jinking of the chains ewing to the formation 
of double bonds is also possible unger am{nation conditions; 


1 ] 
The nitrogen and chlcrine ccatents and the fon ex- 
Fig. 1. change capacity of the reaction products in mg -equiv/g 
were found. With the aim of facZitating subsequent 
consideration, the experimeatal data were expressed as 
the respective degrees of substitution of chlorine and nitrogen in the chain and as nitrogen active in the fon ex- 
change process: c£!, ch, ch@. with the aid of these values and knowing CFhrg = 81.5 in the orlginal chlori- 
nated rubber, the degree of dechloriaation of the chain Cg was calculated by means of the formula Cg * 
=81.5- (cN + co). The results obtained are presented graphically as a function of temperature. It fs seen 
from the graphs of Figure 1 that with an increase in temperature the products become poorer in chlorine as a con- 
sequence of the intensive course of amination and dehydrochlorination processes. The curses of CP and cha 
have maxima equal, respectively, to 13.6 at 125° and 2.8 at 115-125", 


These data permit deeper study of the relation between the fon exchange capacity cf the reaction products 
and the processes proceeding during the amination of chlorinated rubber, It is well known that the fon exchange 
properties of an organic fon exchanger are connected with the amount of electrolytic functional groups in the 
material and with steric factors. In our case, the electrolytic functional groups are the arino groups, and thelr 
content is determined by the value of CN. Steric hindrance is dependent on the degee of formation of a three- 
dimensional structure, the dehydrogenation processes (measured by the value of Cg) leadizg to this formation, 
and on the content of side groups on the chain -- chlorine atoms and methyl groups (meas:red, respectively, by 
COl and CM). ‘The value of CM€ has the same value for all the products, since it can be considered that the 
polyisoprene structure remains unchanged; only Cg and col are variable. Consequently, their sum, %; = Cg + 
+ CCl, is a measure of the factors creating steric hindrance to fon exchange. Steric hindrance to fon exchange, 
which we denote by II, cannot be identified with 4 , but, at a given temperature, it {s preportional to the value 
of ,: D= k¢, , where k, obviously, depends on the temperature. It is impossible to presext actual graphs of 
Tl and k on the basis of the experimental data, but it is possible to determine their form by the follcwing method. 

a 


The ratio D = cn characterizes the availability of amino groups for fon exchange with aalons from a solution 
of specific concentration (in our case, 0.05 N HCl), and the ratio Tsp = oF characterizes the steric hindrance 
per unit degree of substitution. From this, it {s obvious that 
N N 
D = = /k(Cat 


where a {s a constant,independent of temperature. Hence, 


The graph of the function > = f(t) was obtained from the graph of the function II = f(t) by multiplying the or- 
dinate by the constant 1/a. Dependence of the functions D, 3 and I1/a on temperature is presented in Figure 2.. 
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From the graphs of Figure 2 it {s seen that the func- 
tion %, (t) has a minimum at 125°, M/a(t) has a mintmum 
at 105° and a maximum at 135°, and D(t) has a maximum 
at 115° and a minimum at 135°. Since the value of 0 
must be less than the corresponding value of s(t) (not 
each splitting out of hydrogen halide leads to cross-link- 
ing of the chains) and Ii/a > 4g, then, consequently, a < 
<1. 


On the basis of the shapes of the curves, it is pos- 
sible to come to the following conclusions concerning 
the effect of temperature on the mechanism of the pro- 
cesses occurring during the amination of chlorinated rub- 
ber: in the interval 95-105", the steric hindzance, II, de- 
creases, and, consequently, dehydrochlorination is pri- 
marily intramolecular; cross-linking of the chains is to 
Fig. 2. slight that it cannot compensate for the decrease in I 

caused bythe large decrease in CCl of the product. The 

increase in I] between 105 and 135° shows that Intermoale- 
cular dehydrochlorination proceeds at an increasing rate. At 135”, the rate of cross-linking of the chains through 
intermolecular dehydrochlorination reaches a value which, at higher temperatures, remains unchanged or in- 
creases so insignificantly that it cannot compensate for the decrease in II, caused by the decrease in Col, Asa 
result of this, II decreases with a further increase in temperature, 


In addition to experiments designed to clarify the effect of temperature on am{nation, experiments were 
carried out to study the effect of CO! of the original chlorinated rubber on amination at a temperature of 125° 
(other conditions, ratio of ammonia and chlorinated rubber and reaction time, were maintained the same as in 
the first eins The results obtained are presented in Table 1, 


TABLE 1 


Chlorine Product properties 


content of 

Iron exch, capy, 
with respect to 

0.05N HCl D 


g-aqui 
* [ot | * 


ci N 


No. 


4 | 38.8] 28.8 6.9 | 7.0 | 10.5] 2.25 4.7 | 11.4 |44.75] 18.3] 21.2 
2] 52.7 | 54.0 11.20) 6.7 | 7.4 | 11.0] 1.92 4.0 | 36.3 |36.40] 43.0] 30.6 
3 | 63.0 | 81.5 | 9.96] 5.9 | 9.14] 13.6] 1.36 2.8 | 62.0 | 20.80] 67.9 | 197.0 


It is seen from the data of Table 1,that, with a decrease in CCl of the original chlorinated rubber, the 
values of CN, Cy, ©, and I/a of the products decreased, but CCl, CN@ and D increased. Asa result of this, the 
product of the amination of a chlorinated rubber containing 387 Cl possessed fon exchange capacity ~ 2.25 mg~- 
equiv/g (with respect to 0.05 N hydrochloric acid). The chlorinated rubber subjected to amination in Experi- 
ments 1 and 2 was prepared by us by the method described below, 


EXPERIMENTAL 


1, Amination of chlorinated rubber with ammonia, 10 g of powdered chlorinated rubber was dispersed by - 
means of 2.56 g of alizarin of] in 123 ml of a 20% aqueous solution of ammonia, The suspension was placed in 
a 500-ml autoclave and heated for 3 hours at an appropriate temperature on =a water or ofl bath. The temper- 
ature of the latter was regulated by means of a contact thermometer. Hydrochloric acid was added to the reac 
tion mixture, and the mixture was filtered. The solid product was washed with water until the filuate gave a 
negative reaction for chloride fon, poured into 200 ml of 5% NaOH solution for regeneration of its fon exchangs 
capacity, again filtered, then washed with distilled water until a neutral reaction was obtained, and dried at 90- 
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100°. The nitrogen content of the product was determined by the Kjeldahl micromethod, and the chlorine con- 
tent by the method described in[5). The ton exchange capacity was established by titration of the hydrochloric 
acid solution of the specified concentration after 4 three-day contact with a specific amount of aminochloro 
rubber. 


2. Preparation of the chlorinated rubber for Experiments 1 and 2 (see Table 1). Chlorine was passed at 
45-55S° for a specified length of time through a solution of 30 g of natural rubber (masticated 4 times for 15 min- 
utes a¢ 4 hour intervals) and 0.8 g of crystalline fodine in 500 ml of CC. After 1% hours from the time passage 
of chlorine was begun, a clearing of the violet-brown solution was observed. At chs expitation of the speci- 
fied ume, the solution was poured Into boiling water to vaporize the carbon tetrachloride. A white spongy mass 
was obtained and was analyzed for chlorine content. A two hour passage of chlorine gave a chlorinated rubber 
with a chlorine content of 38.8%, while a three hour passage gave a chlorine content of 54% 
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THERMAL TELOMERIZATION OF METHYLDICHLOROSILANE 
WITH OLEFINS 


Academician A.N. Nesmeyanov, R.Kh. Freidlina 


and E.Ts. Chukovskaya 


The silanes HSiCl;, HS{Brs, HSiCi,R, HS{CIR, and RS{H, can add to a double bond of unsaturated compounds 
(1-9) under the influence of acyl and alkyl peroxides, ultraviolet light, and also over a platinum catalyst. 


The reaction Initiated by peroxides or irradiation are apparently of the free radical chain type. The fol- 
lowing mechanism has been Proposed for the reaction of trichlorosilane with olefins in the presence of acetyl 
peroxide [1): 

(CH,COO), > 2CH,COO* > CH; co, 
CH; + HSICl, CH, + 
RCH = CH, + RCHCH,SICI, 
RCHCH,SICI, + HSiCl, -» RCH,CH,SICI,+SiCl; 


_ The thermal addition of trichlorosflane and of alkyldichlorosilanes to olefins at a temperature of 160-400 
has also been described. The authors assume that this reaction proceeds through a transition state in which the 
silicon electron acceptor {s added to the methylene group of the olefin RCH =CH,, and the chlorine atom adds 


to the neighboring carbon atom, after which its exchange with the labile hydrogen atom of the silane gives the 
final product{3}. 


Recently, a communication appeared concerned with the realization of the photochemical telomerization 
of trichlorosilane and perfluoroethylene with the formation of a mixture of products having the structure ~ 
SiC1,(CF,CF3)nH, where n ts 1-3. Carrying out this reaction thermally lead to the formation of emu erad 
butane and an insignificant amount of organosilicon compounds (7). 


We found that the thermal reaction of methyldichlorosflane with ethylene and propylene under pressure 
and with an excess of olefin present, forms a mixture of substances having the structures CH,S{C1({CH,CH))pH and 
CH,SiC1 pH tespectively. Since dfalkyldichlorosilanes cannot react with clefins under these conditions (3), 
formation of the indicated mixture of products eliminates the above-mentioned molecular mechanism for the 
thermal reaction. It {s obvious that the thermal reaction studied by us fs a chain reaction. 


The structure of the obtained methylalkyldichlorosilanes was verified by determination of the molar re- 
fraction of these compounds. Only boiling points are known for those of our compounds which are described in 
the Iterature, and these are {n agreement with those found by us. The yields of methylalkyldichlorostlanes 
showed a certain regularity which {s characteristic of telomerization reactions: maximum yteld was obtained 
ior compounds with n = 2, and the yields decreased with an increase in the value ofn. The preliminary data on 
the reaction of methyldichlorosflane with propylene makes {t possible to propose that this reaction does not pro- 


ceed in a well-defined manner. Yields calculated for broad fractions boiling within 10-20° Limits are presented 
{in Table 2. 


The reaction between methyldichlorosilane and ethylene was cartied out in a half-Liter autoclave of EYa- 
IT steel. 123 g of CH,SiC1,H was charged to the autoclave, and the ethylene was introduced after purging with 
nitrogen. The reaction mixture was heated to 260°, the pressure reaching 560 atm, The reaction was carried 
out at 260-270° for 2 hours. Almost all of the ethylene was absorbed during this time. The experiment was re- 
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TABLE 1 


WS 
E 
salaeg 5| 2 2% 2B 
=3 Gals aid w (Osu = 
— | | 100 | 100 

"6 0427] 43.48) 43.25 35.20], 17.00 16.60 
3 | 17.7 ]t.439-10 9924] 73] $2.89] | 192 | 42.64], 

42.29 42.78 35 
| 61.83) 61.88] | 47.75] 949-01 
11413 51.76 | $1.79 3.44 11.00 10.99 27.83 27.23 
6} 9.8 0.9589) 80.20] 80.47 — 55.28 
A 127)3 $5.42] 55.32 9-01] 957) 29-08) 24.70 


© The calculated refraction values were calculated on the basis of the data of 
Vcgel on bond refractivities (11). 


TABLE 2 peated three times, and the reaction products were combined and 
' subjected to fractional distillation. A total of 331 g of methyldi- 
—en chlorosilane was charged. The weight of the reaction products 


ess si.% was 499 g. 51g of unreacted methyldichloros{lane was recovered 
alscs B.p. Found | Calcu- by distillation. The conversion of methyldichlorosilane approxi- 

3° 3 deg/mm lated mated 80% Methyldichlorosilanes having the structure 

where n fs 1-6, were isolated in the indiv- 


ame {dual form from the mixture, The properties and ylelds of the 
3 


16.04 
| £4.10 methylalkyldichlorosilanes are presented in Table 1, 
3.9 [1.480] 80-822 11.64 
a>s] 10 The reaction between methyldichlorosflane and propylene 
was carried out at a temperature of 260-275" for 3 hours with a 
Literature data [3]: b.p. 123-124° maximum pressure of 100 atm. In two experiments, 216 g of re- 


action products were obtained from a total of 151 g of methyldi- 

chlorosilane. Fractional distillation of the mixture gave 21 g of 
unreacted methyldichlorosilane. Methylalkyldichlorosilanes of the structure CH;S{C1,(CsH,)pH, where n fs 1-3, 
were {isolated from the mixture. The properties and yields of the methylalkyldichlorosilanes prepared from pro- 
pylene are presented in Table 2. 


_ The extensfon of this reactfon to other sflanes and other olefins will be reported separately. 
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INVESTIGATION OF CERTAIN METALS OF GROUP VIII AS 
CATALYSTS FOR THE ADDITION OF RSiHC1; TO 
UNSATURATED COMPOUNDS 


Associate Member of the Academy of Sciences, USSR A.D. Petrov, Kh.M. Minachev, 
V.A. Ponomarenko, B.A. Sokolov and G.V. Odabashyan 


In recent communications (1-3), it was shown that platinized carbon can be successfully used in the ad- 
dition of silanes to unsaturated compounds, The usefulness of platinized carbon in carrying out the indicated 
reactions — in place of the more usually used peroxides, ultraviolet light, AICls, ZnCl3, BCl3, etc. — opens to in- 
vestigators a new field of activity, In this connection, it was of interest to investigate the possible use of other 
heterogeneous hydrogenation and dehydrogenation catalysts for carrying out similar reactions. In the present 
work, a number of metals of the eighth group were examined for catalytic activity in the addition of ethyldi- 
chlorosilane to allyl chloride: 


C,H,StHCl, + CH, = CH - CH,Cl —* 


Selection of this particular reaction was dictated by two reasons. On the one hand, the addition of ethyldichloro- 
silane to allyl chloride leads to the formation of an organosilicon compound with the chlorine y to the Si, and, 


on the other hand, this reaction has been investigated by us(2, 3} in a rather detailed manner using platinized 


carbon as a catalyst. As we showed, in addition to the main addition reaction according to Reaction (1), the 


formation of by-products, ethyltrichlorosilane (CyHgSiCl,) and ethylpropyldichlorosilane (CyHgSi(Cl also 
took place. 


In the study of the possibility of using other metals of the efghth group as catalysts for the Indicated reac- 
tion, we set for ourselves the following problems: 1) to clarify the effect of the chemical nature of the carrier 
on the extent to which the basic reaction {according to Reaction (1)]proceeds, and 2) to clarify the difference fo 
the behavior of the different metals and the extent to which they act alike In promoting both the basic and the 
side reactions under otherwise equivalent conditions. We used the following catalysts: 0.5% Pt-SiO3, 1% Pt-Al,0,, 
1% Ru-Al,05, 1% Rh-Al,O,, S%NINOs-C,* 0.5% Pd-SiOg, 2% Pd-Al,O3, 1% Ru-SiO;, 0.5% Rh-SiO;, 5% Ni-C,* 
and 8%Co-C.¢ All were prepared under standard conditions ~ impregnation of the carrier with dilute solutions 
of H;PtClg, PdClz, HsRhClg, (NH,);RuCIsNO, Ni(NO,)3, and Co(NO,), at room temperature, The thus prepared 
catalysts were dried at 110-115° for 4-5 hours, and were then placed in the glass tube of an electric furnace and 
reduced with electrolytic hydrogen with a gradual increase in temperature to 340-350°. On the average, the re- 
duction was continued 10-12 hours. The specific surface*® of the catalysts Pt-Al,0,, Rh-Al,0,, a ag and 
Pd-Al,O, comprised 70-85 sq. m/g, while that of these same metals deposited on SiO, was 220 sq. — 
surface areas of the Pt-C, Ni-C, and Co-C catalysts were not determined. 


The addition of CyHgS{HCl, to CH, = CHCH,CI was carried out under standard conditions with all catalysts: 
a mole ratio of CyHgSiHCl, to allyl chloride of 1:1 (129 and 77 g,respectively), 6 hour heating in a rotating 
autoclave at 160°, Distillation of the reaction products, after filtration of the catalyst, was carried out in a col- 
umn of 35-40 theoretical plates. The catalyst was ground before charging to the autoclave. The ethyldichloro- 


Activated birch charcoal. 
** The specific surface of the catalysts was determined by means of the benzene adsorption {sotherm at 0°, 
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silane and allyl chloride were freshly distilled prior to use. 


TABLE 1 


Experimental Data Obtained During the Reaction of C;HgStHCl, with CH; = 
= CHCH,Cl Over the Various Catalysts 


Yield of reaction products 


Pressure at room temp. 


C,HsSi(Cl 
*CH,CH,CH,Cl 


of reaction, 


Beg 


tof Liquid reaction 


Experiment No, 
Catalyst weight, g 
Max, pressure at 16 
after concl. 

AIm 

Wel 

C,H SIHCk, g 


1% Pt on charcoal 
0.5% Pt on SiO, 
1% Pt on ARO, 
Ru on ALO, 


NINO, on char- 

g (2% Pd on A 
on 


Rho 
onc 
Co on 


.4|Traces Trac 
— 
Traces rv | 


The experimental data obtained with the varlous catalysts are presented in Table 1. An investigation of 
these data shows that the catalysts investigated can be separated into two groups: A) catalysts promoting the basic. . 
addition reaction (Reaction 1), to which catalysts 1-4 belong; B) catalysts promoting the side reactions forming 
CyHgSiCly and (catalyszs 5-8). 


We will consider each group separately. 


999099 


Catalysts of Group A. First, the active influence of all platinum catalysts should be noted; these catalysts, 
although causing to some extent side reactions forming CtsSiCt, and C;HsSi(Cl),C,H,, nevertheless gave a high 
yield of addition products. It is interesting that neither the metal concentration nor the nature of the carrier had 
an effect on the ratio and amount of atl reaction products. 1% Ru on Al,Qy was close to the platinum catalysts. 

It {s crue that,in this case, no very considerable part of the starting mater{als entered {nto the reaction. The pos- 
sidility of using Ru in this reaction has not previously been noted by anyone. From the preparative point of view, 
it is also importaut that Al,Q, and silica gel can be used with platinum In place of charcoal. 


Catalysts of Group B. 1% Rh on Al,Oy, 5% NINO, on charcoal, and 0.5% Pd on SiO, catalyzed the addition 
reaction (according to Reaction 1) only to a very insignificant degree. In addition, CyHgSi(Cl),;C,H, was also 
formed in insignificant amounts over the indicated catalysts. Chiefly, ethyltrichlorosilane and gaseous products, 


accompanied by an increase in pressure to 32-40 atm., were formed over these catalysts, This is especially | 
clear in the case of 2% Pd on Al,0, (8). 


It is seen from Table 1 that the series of metals on SiO, and activated charcoal (9-12) did not, in genezal, 


show any catalytic activity. It 1s not altogether clear why such metals as Ru and Rh, which estalyzed reactions 
in Groups A and B, were inactive when deposited on S103. 


Reaction of silanes of the type RS{HC1, and allyl chloride over the catalysts of Group A proceeded prac- 
tically to completion in 10-15 minutes. Thus, CH,S{HCl; and CH, = CHCH,C1 fn the presence of 1% Pt-C with 
_ only a rapid heating to 160° gave addition products {n high yield, The character of the distillation curves of 
products of short and prolonged heating were almost identical. Especially notable was the increase in pressure at 
100-120°, which was accompanted by a more rapid increase in temperature, 


Is 
| 43.4 100 | 48.8. 
2 38.4] | 104 | 50.7 
3 43.5) 102.7} $0.0 
4 36.0) i 80.5} 39.4 
5 on Al, 4119 6 4i. 3.7 
8 rac 
{70 races}; — | 424 8 4.7 | 2.3 
460 {Traces} — | 436 
201 | $1.6] 70 
197 | 47.8] 89 
198 | 67.5 | 98,4 
12 202 | 46 9. 109,2 
46 
: 


In conclusion, we pause to consider the side reactions forming CgHgSiCls and CyHgSi(Cl)yC;Hy. The fol- 
lowing routes of formation of these compounds are possible: 


4. s) RSIHC1, + CICH,CH = CH, -* RSICI, + CH,CH = CH, 
b) CH,CH = CH, + RSIHCI, RSI (C1),C,Hy 


2. a) RSIHCI, + CICH,CH = RSi(Cl),;CHCH,C1 . 
8 cleavage 
b ) RS! (Cl), CHCH,Cl RSICl, + CH,CH = CH, 


Hs 
c) See 1,b 


3. 2RSIHCI, —— RSICl, -+ RS!H,Cl 


Pt—c 
4. RSIHC1, + CICH,CH,CH,S! (C1),R + KSICl, + RSI (Cl), C,H, 
at 
or CICH,CHSI(C1),R 
Hs 


Experimental testing of Routes 3 and 4 under our standard conditions did not lead to the formation of 
CyHSiCl, and C,H,Si(Cl);C3H;. Route 2 is a likely one; however, it is difficult to assume that the catalysts of 
Group B, in contrast to the catalysts of Group A, promoted the addition of allyl chloride (and then the complete 


reverse) and did not, at the same time, promote the attition of propylene. Hence, the most probable route is 
Route 1. 


R= GH, 


Thus, the addition of ethyldichloros{lane to allyl chloride proceeds with equal yields over the catalysts 
1% Pt on charcoal, 0.5% Pt on SiOg and 1% Pt on Al,0,. 1% Ru on Al,O, gives a somewhat lower yield of addition 
products, The other catalysts (1% Rh on Al,Oy, 0.5% Pd on SiO;, and 5% NINO on charcoal) which promote the 
addition reaction only to an insigniffcant degree, chiefly promote the exchange of the hydrogen on the Si fn 
ethyldichlorosilane for chlorine, a reaction which proceeds most readily over 2% Pd on Al,0,. 
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RECRYSTALLIZATION DIAGRAM OF IODIDE [PROCESS] ZIRCONIUM 
E.M. Savitsky and V.F, Terekhova 


(Presented by Academician J.P. Bardin, July 20, 1956) 


As fs well known, the grain size of a metal or alloy determines, to a considerable extent, the quality and 
mechanical properties of the finished product. Therefore, a study of recrystallization processes, which connect 
grain size with degree of deformation and annealing temperature, {is of great interest, both practically and the- 
oretically. 


With regard to zirconium, there are some data in the literature on annealing temperatures of zirconium 
after deformation (1-3), but the complete recrystallization diagram for fodide zirconium has not been published 
up to the present. We constructed the wien diagram “we 1) for the case of annealing cold-deformed 
fodide zircontum (99.7 Zr). 


_ The initial material consisted of bars of fodide zirconium 16-18 mm In diameter on a zirconium filament. 
The hardness of such zizconium is 80-82 kg/sq mm. In order to obtain uniform initial structure, the fodide zir- 
conium bars were subjected to deformation by cold rolling with a reduction in area of 50% and subsequent an- 
nealing at 600° for 1 hour. No great grain growth was observed during this treatment, although recrystallization 
took place, and the structure was polyhedral and fine-grained with an average grain diameter of about 15 p (Fig- 
ure 1,a). This regime of sample preparation was selected as a result of a series of experiments with different 
degrees of deformation, different temperatures, and different annealing times. 


In obtaining the data for the construction of the recrystallization diagrain, deformation of the thus pre- 
pared samples was carried out by cold rolling with decreases In area of 2.5 to 90% at 10% intervals. At the higher 
degrees of deformation, the rolling was carried out in several runs the sample being deformed not more than 
10% per run. With an Increase in the degree of deformation, there was a gradual decrease in grain size and es- 
tablishment of structure, and deformation twins were seen in many microstructures. ‘At deformations of 70 and 
90%, the microstructures had the form of parallel fibers (Figure 1,b). Annealing of the deformed samples was 
cartied out in evacuated quartz ampoules for 1 hour at temperatures of 500, 550, 600, 700, 800, 900, 1000, “_ 
1200°, 


The annealed samples were subjected to microstructure and x-ray analys{s, and the hardness was also 
measured, Sections were photographed in reflected and polarized light. Varlouscorrosives consisting of different 
mixtures of hydrofluoric and nitric acids were used in elucidating the structures. Grain size was determined by 
determining their average diameter under the microscope and from photomicrographs. 


Annealing of the cold-rolled samples had a substantial effect on the size and form of the grains, All sam- 
ples annealed in the region of the existence of the g -modification of zirconium (up to 800°) had a uniform poly- 
hedral structure (Figue 1,c). Annealing in the 6 -region (from 900 to 1200°) caused a sharp Increase {in grain 
size and a change in form (Figure 1,d). The grains acquired an erratic configuration, and needles of transformed 
B -phase could be observed in them. The presence cf an acicular microstructure {s also a sign of contamination 
of the zircontum by oxygen (0.03-0.04%), x-Ray structural analysis of the samples anncaled at 800 and 1200° 
revealed only the hexagonal structure-of @-zircohium. x-Ray analysis also permitted establishment of the be- 
ginning of recrystall{zation at different temperatures. The Debyegrams were made witn molybdenum radiation 
and an exposure of 1.5 to 2 hours, x-Ray photographs of the original (a), deformed (b), and annealed (c, d) sam- 
ples are shown in Figure 2. It was established that fodide zirconium recrystallization begins at 500° {n samples 
deformed 50-90%, at 550° in samples deformed 7.5%, and has already begun in all deformed samples at 600°, 
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Fig. 1. Microstructures of lodide zirconium. 200 x: a) recrystallized zir- 
conium (initial state); b) 90% deformation; c) 40% deformation, annealed 
at 700°, polarized light; d) 40% deformation, annealed at 900°, polarized 
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Fig. 2. x-Ray photographs of todide zirconfumr a) initial recrystallized etre 
coniums b) cold-rolled, 7.5%, not annealed; c) cold-rolled, 20%, annealed 
at 550°; d) cold-rolled, 5%, annealed at 600° 


Measurement of hardness was carried out with a diamond pyramid and a load of 10 kg. The hardness of the de- 
formed samples gradually increased with an increase in the degree of cold rolling. Annealing at 500° appreciably 
lowered the hardness of highly deformed samples. Annealing at 600 and, especially at 900°,comiderably de- 
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creased the hardness of the cold-worked zirconium (Table 
1). 


On the bas': of the experimental data obtained, the 
recrystallization diagram of lodide zirconium was con- 
structed (Figure 3), The line of initial recrystallization 
(according to the x-ray data) {s plotted as a oroken Line 
with crosses. Grain growth at the critical degree of de- 
formation began with a temperature of 700°. Up to 
1200°, the “critical degree of deformation did not ex- 
ceed 2.5-5% Appreciable grain growth at all deforma- 
tions was observed above 800°, f.e., in the 8 -phase of 
zirconium. For example, at 40% deformation the average 
grain diameter after annealing at 700° was 18 y, and af- 
ter annealing at 900° it was 80 p. Annealing above 1000° 
had litle effect on grain growth, and grain dimensions 
at comparatively high deformations differed little from 
Degree of deformation are. 


It is possible that this occurred owing to some ox- 
Fig. 3. Recrystallization diagram of fodide zir- {dation of the grain during annealing in the evacuated 
conium. Quartz ampoules, The unusual course of the grain-size 
: isotherms at 800 and 900° also merits attention; after 
passing the critical degree of deformation, the size of the grain did not decrease with the usual hyperbolic de- 
pendence, but, on the contrary, it increased with an increase in the degree of area reduction. Therefore, there fs 
reason to assume that, for the purest zirconium, there is a second maximum In the course of the grain-size iso- 


therm at high degrees of deformation and high anneaiing temperatures, Special confirmatory tests carried out by 
us showed that the recrystallization diagram of doubly refined fodide zirconium (99.85% Zr) agrees with the re- 


crystallization diagram of ordinary fodide zirconium presented in Figure 3. 


Average grain diameter 


TABLE 1 
Change in Hardness of Iodide Zirconium with Annealing Temperature (Hy, kg /mm’) 
Annealing Deformation, % 


— 0 10 20 30 40 50 60 


Deformed |82 90 94 100 118 121 
500 80 90 94 = 100 100 103 = 
600 16 64 16 15 18 18 15 
900 67 61 62 67 60 60 65 


In conclusion, based on the recrystallization diagram, the use of annealing temperatures of 700-750° for 
cold-worked zirconium can be recommended, At these temperatures, complete reduction of the deformed struc 
ture (recrystallization conditioning) occurs, grain dimensions increase insignificantly, and the zirconium articles 
are oxidized Little at these temperatures, even during annealing in air. 
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POLYMERIZATION OF ISOBUTYLENE IN THE PRESENCE OF MONO- 

FLUOROPHOSPHORIC AND DIFLUOROPHOSPHORIC ACIDS AND OF 

THE MOLECULAR COMPOUND OF MONOFLUOROPHOSPHORIC ACID 
WITH BORON TRIFLUORIDE 


Academician A.V. Topchiev and V.N. Andronov 


Of the fluorine compounds used as catalysts for the polymerization of olefins, the most studied are boron 


trifluoride and hydrogen fluoride. The catalytic properties of other fluorine compounds have been studied very 
slightly, 


In the course of the last decade, a series of methods was developed for the syntheSls of new fluorine com- 
_* pounds ~ monofluorophosphoric and diflucrophosphoric acids(1-4]. The catalytic properties of these compounds 
have not been studied up to the present. 


The polymerization of propylene in the presence of monofluorophosphoric and difluorophosphoric acids 
has been studied by the authors of the present article, The catalytic properties of the molecular compozzd of 
monofluorophosphoric acid and boron trifluoride in the polymerization of propylene was also studied(5}. In the 
present work, the polymerization of {sobutylene in the presence of fluorophosphoric acids and their compcunds 
with boron trifluoride was studied. For comparison, the polymerization of isobutylene in the presence of a molé- 
cular compound of orthophosphoric acid with boron trifluoride was also studied. 


The polymerization of isobutylene was carrfed out in the same apparatus used for the polymerization of 
propylene. Isobutylene, previously dried in a calcium chloride tube was charged, at a predctermined temper- 
ature, to the reactor filled with carrier wetted with the catalyst. The polymerization products were cocled and 
collected in a receiver. Unreacted olefin was collected in a gasometer. 


It was established that {sobutylene polymerizes readily both in the presence of monofluorophosphoric and 
difluorophosphoric acids and in the presence of the molecular compound of monofluorophosphoric acid azd boron 
trifluoride. The formation of polymers procecded at a high rate and with high yield. 


The nature of the catalyst used, the carrier, the temperature of the experiment, and the time on the cata- 
lyst all had a substantial effect on the degree of polymerization of the {sobutylene, 


In order to clarify the effect of the carrier and of the temperature of the experiment on the compcsition 
and ylelds of {sobutylene polymers, a series of experiments was cartied out on the polymerization of {sob=tylene 


in the presence of monofluorophosphoric acid deposited on silica gel and on activated carbon at temperatuzes 
of 15, 100, and 152°. 


50 liters of tsobutylene and 20 ml of monofluorophosphoric acid on 90 ml of carrier were used for each 
experiment. The olefin was charged to the reactor at a rate of 5 liters per hour. 


The conversion of isobutylene to polymer was 100% in all experiments with the exception of the experi- 
ment on the polymerization of isobutylene over monofluorophosphoric acid on silica gel at 152°. Converioa 
of olefin was 93% in this experiment. 


As seen from Figure 1,.with an increase in the temperature of the experiment, a considerably lighter 
polymerizate was obtained, and the content of isobutylene dimer and uimer fractions increased at the expense 
of a decrease in the amount of high-boiling polymers, The polymers obtained {n the presence of monoflvaro- 
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Fig. 1. Distillation curves of 
{sobutylene polymers. I) t = 
= 15°; H,PO,F silica gel; 


Tl) t = 100°; H,PO,F ¢ silica gel; 
I) t = 152°; H,PO,F + activated 


carbon; IV) t = 152°; H,PO,F + 


+ silica gel. 
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Fig. 2. Fraction composition of 


isobutylene polymers obtained 
with the various catalysts: 1) 


H,PO;F; 11) HyPO,- 


IV) H,PO,F BF. 


phosphoric acid on silica gel was Ughter than the polymers obtained 
in the presence of the same catalyst deposited on activated carbon, 
The difference in contents of the various polymer fractions was es- 

pecially noticcable when the experiments were carricd out at 152°, 


During the polymerization of tsobutylene in the presence of 
monofluorophosphoric acid on activated carbon and silica gel, an ap- 
preciable increase in the amount of intermediate fraction boiling in 
the range 106-175" was observed as the temperature of the experi- 
ments was increased. That the basic polymerization reaction is ac- 
companied by fsomerization reactions of the diisobutylene fraction 
explains the Increase in the amount of intermediate fractions. 


Isomerization of olefinic hydrocarbons {s a very common pheno- 
menon during polymerization in the presence of certain catalysts (for 


example, AlCls, ZnCl;, etc.), and accompanies polymerization even 
at the stage of dimer formation. 


When monofluorophosphoric acid on activated carbon was used 
as the catalyst, the yield of isobutylene polymers was considerably 
higher than when this same catalyst deposited on silica gel was used. 


For determination of yield and catalyst life, isobutylene was 
continuously passed at a rate of 5 liters per hour through the reactor, 
which contained 90 ml of carrier and 20 mlof catalyst. After 50 
liters of gas had been charged, {sobutylene conversfon was noted, and 


the polymers from the receivers were combinedand distilled in a frac- 
tionation column, 


In experiments carried out at 15° with silica gel as the cartier, 
isobutylene conversion had already dropped to 62% in Experiment No. 
4, while in the presence of monofluorophosphoric acid on activated 
carbon, isobutylene conversion in Experiment No, 10 was 100%, This 
same picture was found at temperatures of 100 and 152°. 


The more rapid decrease in catalytic activity of the monofluoro- 
phosphoric acid deposited on silica gel and the lighter polymer ob- 
tained when using this carrier (in comparison with H,PO,F on activated 
carbon) is apparently explained by some degree of reaction with the 
silica gel. As a result of this, the caialyst composition is changed 
somewhat, which leads to a decrease in the yield of light fractions 
and a lowering of the activity of the catalyst. 


With increasing time on the catalyst, a significant decrease in density and index of refraction of the poly- 
mer and a considerable increase in the content of Light fractions in the polymerizate were observed. For exam- 
ple, in experiments carried out in the presence of H,PO,F on carbon at 152°, the polymer in Experiment No. 1 

had dj* = 0.7511, n¥ =.1.4303, and contained 27% dlisobutylene fraction. In Experiment No. 10, the polymer 

had dj = 0.7206, Rp = 1.4219, and contained 56% dimer fraction, A still greater decrease in density (dg = 0.7176) 


and index of refraction (nf} = 1.4142) and an increase in the content of difsobutylene fraction (to 69%) was ob- 
served in Experiment No. 30. 


Catalyst Life in the polymerization reaction, and consequently catalyst consumption, {s a very important 


characteristic which determines the industrial usefulness of the catalyst. 


The authors of this article studied the life of monofluorophosphoric acid deposited on activated carbon for 
the polymerization of {sobutylene at 152°, Catalyst consumption was sufficiently low, comprising 1.45% (weight) 
with a comparatively high isobutylene conversion in the last experiment (56%). , 


In Table 1 are presented data on the polymerization of isobutylene at 15 and 100° in the presence of di- 


Nuorophosphoric acid deposited on activated carbon. 50 liters of isobutylene was used for each experiment, 
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TABLE 1 


Polymerization of Isobutylene in the Presence of Difluorophosphoric Acid at 15 and 100° 


Tempera- {Polymer Fraction composition of polymer (vol. ® 

tureofexper-lobtained, | Bolling range, °C 

iment, °C_ Below 106 | 106-175 175-183 Residue 
15 110 0.7648 1.4359 6 4 59 31 

100 110 0.7931 1.4452 5 6 15 14 


From Table 1 it fs seen that, in the polymerization of tsobutylene {n the presence of difluorophosphoric 
acid on activated carbon, the polymer obtained at 15° was somewhat lighter than the polymer obtained at 100°. 
In addition, at the beginning of the experiment at 15° there was observed a rather strong tarring of the catalyst, 
evidently a consequence of the formation on the surface of the catalyst of slightly catalytically active products 
of the addition of olefins to the catalyst (apparently, ether type). At 100°, the formation of these products was 
less, since, at this temperature, the products of the addition of olefins to the catalyst are not stable. As a restilt 
of this, contact between the fsobutylene ard the surface of the catalyst was better, and the polymers obtainéd 
had higher density and contained less low-boiling fractions. 


Distillation curves of {sobutylene polymers obtained in the presence of monofluorophosphoric and difluoro- 
phosphoric acids and molecular compounds of orthophosphoric and monofluorophosphoric acids with boron tri- 
fluoride are presented in Figure 2, from which it fs seen that the degree of polymerization of {sobutylene In the 
presence of the catalysts studied decreases in the following order: 


H,PO,F > BF, > HPO,F, > H,PO,F. 


The bromine numbers of the {sobutylene dimer and timer fractions indicate that the polymers obtained 
by us consisted mainly of unsaturated compounds. 


The chemical composition of the isobutylene dimer and timer fractions obtained at 152° in the presence 
of monofluorophosphoric acid on activated carbon was studied. 


Oxidation of the {sobutylene dimer fraction (100-106") with a 1% solution of KMnO, established that this 
fraction consists of two isomers: 2,4,4-trimethyl-1-pentene and 1,4,4-trimethyl-2-pentene, 


We have already indicated that in the polymerization of tsobutylene In the presence of monofluorophos- 
phoric acid deposited both on activated carbon and on silica gel, there {fs an increase in the amount of {ntermed{- 
ate fraction boiling in the range 106-175° with an increase in the temperature of the experiment to 152°. Frac- 
tlonation of this fraction established that a large part of {t boiled in the range 108-120°, The basic constants of 
this fraction differed considerably from the constants of the dilsobutylene of Butlerov and were very close to the 
constants for 2,3,4-trimethyl-2-pentene. Consequently, at 152’, the polymerization of {isobutylene fs accom- 
panied by isomerization of the diisobutylene fraction. The Raman spectrum of this fraction established that it 
consisted of 2,3,4-trimethyl-2-pentene. 


The chemical composition of the triisobutylene fraction (175-183°) was established by oxidation of this 
fraction with chromic acid. It was shown that the tlisobutylene fraction cons{sted mainly of 1,1;dineopentyi- 
ethylene and 2,2,4,6,6-pentamethyl-3-heptene, The presence in this fraction of small amounts of 2,4,4,6,6- 
pentamethyl-1-heptenc and 2,4,4,6 ,6-pentamethyl-2-heptene {s very probable, 
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OXIDES OF CERTAIN DERIVATIVES OF a-PINENE AND 
THEIR ISOMERIZATION 


Academician B.A. Arbuzov and V.A. Frinovskaya 


In a series of previous works, it was established that a-pinene oxide and other bicyclic terpenes undergo 
complex transformations under the Influence of various reagents. Thus, under the influence of zinc bromide 
and certain other catalysts, q-pinene oxide is converted to the lsomeric camphotenic aldehyde. Such lsomeri- 
zation is accompanied by deep reconstruction of the original a-pinene oxide skeleton (1-2). Still earlier (3), 
it was found that cyclohexene oxide .lsomerizes easily to cyclopentanecarboxaldehyde, 


In the work of B.A. Arbuzov, Z.G. Isaeva and E.G. Katacv [4], it was shown that the Introduction of cer- 
tain substituents into the cyclohexene oxide nucleus so increased the stability of the oxide that these detivatives 
could not be isomerized. From this point of view, it was of interest to prepare the oxides of — derivatives 
of a-pinene and to study their ability to lsomerize, 


We synthesized — by oxidation with acety!] peroxide of the corresponding a-pinene derivatives — oxides 
containing a myrtenyl radical, and we carried out their isomerization under the influence of zinc chloride: 


where X = OCHs, OCsH;-1s0, OC,Hy, OC,Hy-1so, Cl, OCOCH,, C,Hs, OH. 


The a-pinene derivatives were prepared from myrteny! chloride by the action of the appropriate reagents. 
Constants of these derivatives, which are not described in the literature, are presented in Table 1. The proper- 
des of the oxides prepared by us, which also are not described fo the literature, are presented in Table 2, Some 
of these oxides were subjected to isomerization. Isomerization of these oxides was carried out In the presence 
of zinc chloride as a catalyst. As a result, the corresponding derivatives of campholenic aldehyde were {solated. 
The properties of these derivatives of campholenic aldehyde are presented in Table 3. 


TABLE 1 


MRp c% 


B.p., °C 
calc. | found] calc. | found 


105—103 0.9217/1.4710) 59.49 
104—105 0. .4670) 64.10 
415—117 0. 9025}1 4659} 64.10 


H, 
cH, 


= 
| 
* calc, {found 
§8.90| 80.44 | 80.02] 14.34] 10,00] 29,5 
63.80] 80.76 | 80.57] 11.54] 11,57] 14,0 
63.72 | 80.76 | 60.38] 11.54] 11,53] 24,0 
Note; 
8 
. 


TABLE 2 


MRD c% H% 


4 

z 


Yield, % 


calc. |founa cale. |founa calc. {found 


53.14] 53.22 | 89.00] 79.90 


I 70—72 7 10.55] 10.30] 44.78 
122—124 8 57.75] 57.90 | 80.41 | 80.28 | 11.34] 14.741 72.6 
87—90 4°80 48 77] 49.29] 64.34163.74] 8.05] 8.57] 29.24 
98—104 6 |1.0788)1 4°00) 45 341 45.06| 74.44] 74.07] 9.52] 9.70] 56.38 
412—114 6 4785) 54.79 | 54.87 168.57168.06] 8.57] 8.81] 40.5 
Vi 7>—76 4 024010 .4770) $0.16 | 50.22] 72.52] 72.05] 9.89] 9.67] 49,2 
Vil 108—110 10 |£.0197/1.4828] 59.40] 58.851 74,28] 73.86] 10.47110 62] 44.4 
VEE | 108—410 16 64.02] 63.78 | 75.04 | 74.67 | 10.711 10.87] 38.0 
IX 119—114 20 [0.9784]1.4740] 64.2 | 64.35 | 75.04 | 74.53 | 10.71] 10.76] 28.8 . 
Note: 
HOH v OCH, ; 
v 3 
TABLE 3 
A g MRp c% H% 
Es leat. |found |calc. |found|calc. |found! 
I 412—414 8 /0.9008]1.4745] 59.58 | 59.871 80.41] 79.81 1141.34 110.88 | 29.65 
Il §92—95 6 10.9926]1 4806] 51.98 | 52.08] 72.52] 72.90] 9.89 | 9.71 | 29.22 
Ml 102—104 2 = 56.61 | 56.52] 68,54]68.41] 8 62 | 8.66 | 25.26 
1V 104—106, 9 11,0912]1.5086] 50.59 | 50,66 | 641,34] 64.90] 8.04 | 7.81 | 29.00 
Note 


iCHCH, H,OCH, 4,0) 
cH, 


The structures of these derivatives of campholenic aldehyde were proved by the physical properties (MRp} 
by the detection of the presence of a double bond, and by oxidation with silver oxide to the corresponding sub- 
suinited campholenic acid. The substituted campholenic acids were analyzed as their silver salts. 


As seen from the data presented, isomerization of the a-pinenc oxide derivatives studied proceeded sim- 
{larly to the isomerization of a-pinenc oxide, and led to the preparation of substituted caimpholenic aldehydes, 


The isomerization proceeded less smoothly, and the yield of the corresponding substituted campholenic alde- 
hydes comprised 25-30%. 
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NEW DATA ON THE BONDS OF POLYSACCHARIDE (CELLULOSE) 
STRUCTURE AND THE COURSE OF THE CHEMICAL REACTIONS 
OCCURRING DURING THERMAL DECOMPOSITION 


O.P. Golova, A.M. Pakhomov and E.A. Andrievskaya 


(Presented by Academician V.A. Kargin, July 18, 1956) 


In the present work, we posed for ourselves the problem of studying the effect of the structure of cellulose 
on the chemical processes occurring as a result of u:e conversionsof the cellulose molecules during thermal 
decomposition under vacuum. The investigation of the thermal decomposition of cellulose under vacuum was 
_ Carried out basically according to the method of Pictet (1) and Venn [2], somewhat refined by us. 


- The study of the course of the chemical processes occurring during the thermal decomposition of cellu- 
lose in relation to the physical suucture (packing density) was carried out by determining the amount of 1,6- 
anhydro-1,5-glucopyranose (levoglucosan) formed in the process. This compound retains the empirical for- 
mula of the elemental unit of cellulose, but has different positions of the hydroxy! group and of the oxygen 
bridge. Consequently, a quantitative yield of levoglucosan during thermal decomposition of the cellulose 
macromolecule requires retention of {ts elemental unit. On this basis, we assumed that under conditions such 
that the functional groups of the elemental unit of cellulose are retained, there would be a constant yleld of 
levoglucosan under standard conditions of thermal decomposition under yacuum by whatever chemical scheme 
it is formed, {.e., through the stage of cellulose hydrolysis (3, 4] or by another rdilte. The amount of levoglu- 
cosan obtained indicates directly the course of the chemical processes occurring during the thermal decompo- 
sition of the cellulose. 


It is well known that cellulose preparations which are uniform according to x-ray structural analysis can 
be quite differnt with respect to structure as characterized by different bond energies, this being caused by a 
different mutual arrangement of the molecules, conventionally called packing density of the polymer, Struct- 
ural changes, connected with the breaking of intermolecular bonds are subject only to overall characterization. 
For this purpose, we used calorimetry, sorption, hydrolyzability of the preparation, spectral analysis (in the in- 
frared region), etc. The sorption and hydrolyzability methods were used to determine the effect of a change 
in the structure of the cellulose preparations, 


For the preparation of celluloses with different structural modifications (but of chemically identical com- 
position) we used cotton cellulose, prepared by the standard method of Corey aad Gray (5) but with a subse- 
quent weak acid hydrolysis, as the starting material. Preparation of celluloses with a changed structure was 
carried out by subjecting this material to a different weatment: the starting material was dissolved in cupram- 
monlum solution under conditions designed to give maximum exclusion of oxidation processes, and the cellu- 
lose was then liberated from solution in the form of a fine powder (according to the method previously described 
by us [6D. 


A second route for the preparation of cellulose with a changed structure consisted of treatment of the 
original preparation with 10% NaOH at 0° for 1 hour with subsequent removal of the alkali and drying in alr. 
As is well known, this treatment gives maximum swelling of the fiber, solution of the low molecular weight 
fractions, and also solution of the cellulose with the most damaged functional groups. For the cellulose pre- 
parations having the most changed packing we used cellulose hydrate fiber in two modificauons; . strongly 
oriented fiber (viscose cord) and 2) weakly oriented fiber (staple). 


» 
61 


TABLE i 


Characteristics of Cellulese Preparations of Different Structures 


a 


Se 


Increase in weight, % 


Relative moisture, % 


Fig. 1. Sorption and desorption {sotherms of fiber 
at 20°: 1) original cotton; 2) cellulose precipi- 
tated from cuprammonium solution; 3) cotton 
teated with g 10% solution of NaOH; 4) viscose 
staple fiber; a) sorption; b) desorption. 


Properties of the cellulose Hydroly- | Yield of 
Prepara- | Method of ueatment of the | General form | Degrce of | Carboxy! |Carbony! |zability | levoglu- 
don No. | cellulose of the cellu- | polymer-] group group of the cosan, 
lose ization | content, content, sample % 
Cotton cellulose treated ac- | Normal cot- | 1000 0.04 0.51 5.21 60-63 
cording to Corey and Gray ton struc- 
{5} and with 1% H,SO, for ture 
5 min. at 100° 
2 Cellulose No. 1, dissolved in] Fine powder | 1000 0.11 0.073 10.76 14-15 
cupramimonium solution 
and liberated in the form 
of cellulose hydrate 
3 Cellulose No. 1, ueated Normal fi- 1200 0.013 0.07 9.55 36-37 
with 10% NaOH at 0° brous 
for 1 hour structure 
4 Cellulose hydrate fiber 380 0.03 0.14 23.5 4.0-4.5 
without additional orient- 
adon ; 
5 Cellulose hydrate fiber in 400 0.065 [0.17 [23.2 4.8-5.0 
the form of viscose silk 
with maximum orienta- 
don 


The change in structure of these preparations was 
characterized by means of sorption and desorption {so- 
therms (equilibrium moisture) and by hydrolyzability. 
Moreover, the indicated preparations were characterized 
by molecular weight and by the change in the functional 
groups of the elemental unit. The characteristics of the 
preparations are presented in Table 1 and Figure 1. 


In all of the enumerated preparations, the content 
of carbonyl] and carboxy! groups was very small, f.e., the 
eleinental unit of the cellulose macromolecule was prac- 
tically unchanged. 


The amount of levoglucosan formed, which was 
obtained in the solid (tar) distillate (7, 8}, was evaluated 
from the increase in reducing material. In separate ex- 
periments, levoglucosan was isolated in the form of a 
Crystalline product, which was characterized by angle of 
rotation and melting point and also by the properties of 
derivatives. These properties agreed with the Lterature 
data. On the basis of the investigation carried out, we 
consider {t possible to come to the following conclusions; 
a change in the structure of the cellulose, as character- 
ized by hydrolyzability and by sorption, sharply changes 
the course of the chemical processes during thermal de- 
composition of the cellulose, With an increase in the 


hydrolyzability of the cellulose sample and of water sorption and with a broadening of the hysteresis loop, the 
yleld of levoglucosan decreases (cf. Table 1). For example, the hydrolyzability of the original cotton fiber 
was 5 units, the equilibrium molsture was a minimum (Curve 1), and the yleld of levoglucosan was ~60% of 
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the welght of cellulose, For Preparations 4 and 5, the hydrolyzability was 23.5 and 23.2 units, and the equill- 
brium molsture was correspondingly increased (Figure 1, 4); the yleld of levoglucosan was only 4-S% Prepara- 
tion No, 2 had an unchanged molecular welght in comparison with the original sample and also unchanged 
funcuional groups of the elemental unit, but, as a consequence of a change in structure (Curve 2, hydrolyzabil- 
ity 10.8), this preparadon gave a yleld of only 14% lovoglucosan. Preparation No. 3, owing to the conditions 

of preparation used, was practically free from low molecular welght cellulose fractions and contained practl- 
cally no carboxy! groups, but, owing to a change In structure, as characterized by 2 hydrolyzabillty of 9.5 and 

. by an Increase in equilibrium molsture, the yleld of levoglucosan was 36% of the original preparation (Curve 
3). Attention should be particularly directed to the fact that both modifications of cellulose hydrate, which 
have different degrees of orientation, have, as {s well known, very similar sorption {sotherms (9, 10] and hydro- 
lyzabilides 11}. Thus, the yield of levoglucosan could not be compensated by an increase {n the degree of 
orientation of the cellulose hydrate chain. The absence of a positive effect of the degree of orlentation of the 
fiber on the yleld of levoglucosan is apparently connected with the circumstance that orientation did not cause 
a significant increase in packing density. 


The experimental data show that a change in the density of the arrangement of the cellulose macro- 
molecules causes a change in the course of the chemical processes occurring during thermal decomposition of 
the cellulose. From these data, it follows that consideration of the chemical processes of the thermal decom- 
position of cellulose only on the basis of the concept of the structure of the individual polymer molecule fs 
clearly insufficient. For high molecular weight compounds, it is necessary to consider intermolecular bonds, 
types of bonds, and their strength. A decrease in the packing density of the macromolecule decreases the yield 
of levoglucosan and Increases the yield of the other products of the deep decomposition of cellulose. It can be 
assumed that an increase in the density of the arrangement of the cellulose macromolecules hinders the side 
processes of hydrolysis and dehydration, which arlse during the formation of levoglucosan. 


Thus, the structure of cellulose, characterized by packing density, is one of the basic factors determining 
the course of the chemical reactions during thermal] decomposition. 


It would be of interest to detect the presence of the established regularities during the thermal decom- 
position of other high molecular weight compounds. 


We are indebted to N.V. Mikhailov for suggesting the possibility of determining the srl curves of 
our preparations. 
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SYNTHESES INTHE FIELD OF C-C-SUBSTITUTED CARBOHYDRATES 


Yu.A. Zhdanov and G.N. Dorofeenko 


(Presented by Academician A.I. Oparin, August 17, 1956) 


It has been established (1) that the most convenfent method for the synthesis of sugar derivatives fn which 
the carbohydrate residue 1s bonded directly by a carbon-carbon bond to the aglucone fs by the reaction of 
acetylated sugar halides with organomagnesium compounds. This method gave satisfactory results In the syn- 
thesis of a number of derivatives of glucose, galactose, and xylose, into the molecule of which were Introduced 
various radicals (phenyl, thidny], anfsyl, toly], allyl, etc.); certaln of these derivatives were subjected to fur- 
ther conversion {n which halogen and nitro groups were introduced [2-4]. 


A description of the synthesis of some new C—C-derivatives of carbohydrates {s given inthe present paper. 
O-Tolyltetraacetyiglucose and its chloro and bromo derivatives in which the halogen {s in the benzene ring, 
o-chlorome thy Ipheny ltetraaccty glucose, p-tetraacetylglucopyranosylacetophenone, hexachlorocyclohexyltetra- 
acetylglucose (the hexachlorane derivative of glucose), and naphthyltetraacctylgalactose were prepared, 


EXPERIMENTAL 


0-Tolyltetraacetylglucose. To an ethereal solution of o-tolylmagnesium bromide, prepared in the usual 
way from 3.93 g (0.16 mole) of magnesium and 27.4 g (0.16 mole) of o-bromotoluene, was added a solution 
of 5 g (0.014 mole) of tetraacetylglucosy! chloride in absolute ether. Further treatment was carried out as in 
the synthesis of anisyltetraacetylglucose (2). Asa result, there was obtained 2.9 g (507% of theoretical) of o- 
tolyltetraacetylglucose, which crystallized from {sopropy! alcohol In the fotm of white needles with a melting 
point of 130-130.5°, The compound was soluble in ether, alcohol, acetone, and benzcne,and insoluble In water, 


Oxidation of the o-tolyltetraacetylglucose with alkaline permanganate gave phthalic acid. The substance fs 
described here for the first time, 


Found % C 59.60; H 6.20. Cg,Hy,0,. Calculated % C 59.71; H 6.16, 


Bromotolyltetraacetylglucose. To 0.6 g (0.0014 mole) of o-tolyltetraacetylglucose dissolved in 20 ml 
of carbon tetrachloride was added 0.48 g (0.003 mole) of bromine, The bromination was carried out {n the 
presence of lodine as a catalyst. The mixture was allowed to stand in the dark for 4 hours, and was then poured 
into water, The carbon tetrachloride layer was washed with water, dilute alkaline solution, and again with 
water, after which {t was dried over calclum chloride; the solvent was distilled off under the vacuum of a 
Water aspirator, After distillation of the solvent, 0.7 g (99% of theoretical) of raw bromotolyltetraacotylglu- 
cose was obtained, which, after recrystallization from {sopropy! alcohol, was {solated in the form of colorless 


Crystals, m.p. 109-110°, The substance was readily solublo in the usual organic solvents and insoluble in water 
and petroleum ether. 


_ Analysts for halogen in the substance gave 16.00% bromine (calculated 15.92%). Oxidation of the pro- 
duct with alkaline permanganate gave bromophthalic acid, m.p. 164-165°. The material is described here for 


the first time; based on the halogenation conditions and the analytical data, the following structure can be 
assigned to ity 


: 
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! 
| 
| 
| 
° 
‘ 


Chlorotolyltetraacetylglucose, 0.7 g (0.0017 mole) of o-tolyltewaacetylglucose was dissolved in 15 ml 
of carbon tetrachloride, and to the solution was added a little fodine and 0.28 g of chlorine in 3.5 ml of the 
same solvent. The mixture was allowed to stand in the dark for an hour, and was then ucated {n the same 
manner as described for the bromo derivative of tolyltctraacetylglucose. 0,7 g of raw product was obtained. 
After recrystallizauion from tsopropy! alcohol, white crystals with m.p, 116.5-117° were obtained, Chloro- 
toly tetraacety lglucose is readily soluble in the majority of organic solvents and insoluble In water and petro- 
leum ether. Analysis showed 7.86% chlorine (calculated 7.75%). Oxidation of the product by the usual method 
gave 4-chlorophthalic acid, m.p. 157°, The structure of the compound {s anzlogous to that of the bromo deri- 
vative described above. The substance is described here for the first dme. 


o-Chlorome thy Iphenyltetaacetylglucose. 0.7 g (0.0017 mole) of o-tolyltetraacetylglucose was dissolved 
in 15 ml of carbon teuachloride, and to the solution was added 0.5 g of dry chlorine dissolved In 5 ml of the 
same solvent. The mixture was allowed to stand In a quartz vessel] In the sunlight for 40 minutes, after which 
it was washed with a dilute alkaline solution and water to remove the chlorine and hydrogen chloride, After 
¢erying over calcium chloride, the solvent was distilled under vacuum, The residue was treated with absolute 
ether, which was then distilled. After elimination of the ether, 0.65 8 (90% of theoretical) of a colorless syrup - 
was obtained. The product was readily soluble in organic solvents, The chlorine bonded to the benzyl radical 
was very labile, and was quantitatively split off by boiling with silver nitrate in methanol, Analysis gave 


7.95% chborine (calculated 7.75%). The substance Is described here for the first time. Ithas the following 
structure; 


Naphthylteurzacetylgalactose.* To an ethereal solution of a-naphthylmagneslum bromide, prepared 
from 3.93 g (0.16 mole) of magneslum and 33.6 g (0.16 mole) of a-bromonaphthalene in 70 ml of absolute 
ether, was added a solution of 5 g (0.014 mole) of teuaacetylgalactosyl chloride in 80 ml of absolute ether. 
Further treatment was carried out in the usual way. After recrystallization from {sopropy! alcohol, well-formed 
white crystals of q-naphthyltetaacetylgalactose with m.p. 143-144° were obtained. Oxidation of the substance 
with alkaline permanganate gave qg-naphtholc acid. The substance Is described here for the first time, 


Found % C 62.75; H 5.66. CyHygO. Calculated % C 62.89; H 5.89. 


p-Tetraacetylglucopyranosylacetophenone. Into a flask, fitted with a reflux condenser and dropping fun- 

nel, was placed 2.5 g (0.006 mole) of phenyltetraacetylglucose and 30 ml of petroleum ether. To the suspen- 
sion was added 3.4 g of anhydrous aluminum chloride, and a soludion of 1.5 g (0.012 mole) of acetylbromide 
in 5 ml of petroleum ether was then edded drop-wise with stirring. The reaction mixture was surred for 30 
minutes in the cold, and was then heated to boiling for 15 minutes on a water bath. 30 ml of dichloroethane 
was added to dissolve the viscous material which had separated, after which heating was continued for a half 
hour. The mixture was poured into 150 ml of water acidified with 3 ml of hydrochloric acid, The organic 
layer was separated and washed with water and a solution of sodium bicarbonate, after which it was dried over 
calcium chloride, The solvent was distilled unuer vacuum. The residue was dissolved in warm ether and de- 
colorized with carbon. After distillation of the ether, there was obtained a mixture of a syrupy Uquid and a 


Crystalline substance. The latter was separated, recrystallized from tsopropy! alcohol, and shown to be unreacted 
pheny Itetraacetylglucose, 


This substance was prepared in collaboration with V.A, Monakov. 


OAc 
>» 
re} 
Br 

CHC 
AcO/ NOAc 


The filtrate, in the amount of 1.3 g, was a yellowish syrup with the characteristic odor of acetophenone, 
It was soluble in organic solvents and Insoluble tn water and petroleum ether, With 2,4-diniuopheny hydrazine 
hydrochloride it readily formed a claret-colored hydrazone which melted at 68-70°, Oxidation of the product 
with alkaline permanganate gave terephthalic acid, indicating the following structure for the substances 


Hexachlorocyclohexyltetraacetylglucoze. 1 g (0.0024 mole) of phenyltetraacetylglucose was dissolved 
in 20 ml of carbon tetrachloride, and a stream of dry chlorine was passed into the solution until the weight 
had increased by 0.9 g (0.012 mole). The reaction mixture was exposed in a quartz flask to direct tunlight 
for 45 minutes. The solution was freed from hydrogen chloride and chlorine by washing with dilute alkali 
and water, dried, and the solvent removed by distillauion. 1.45 g (95% of theoretical) of uncrystallizable yel- 
lowish syrup with a sharp terpenes odor was obtained. Analysis gave 34.76% chlorine (calculated 34.29%). On 
prolonged standing, the product darkened and decomposed with the liberation of hydrogen chloride, The sub- 
stance, obtained for the first Ume, was a mixture of stereoisomers of the following structure; 


OAc 
AcO/ “OAc 


AcOCH, Sei 
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POLYMERIZATION OF UNSATURATED ORGANOGERMANIUM COMPOUNDS 


Associate Member of the Academy of Sciences V.V. Korsha k, A.M. Polyakova, 
Associate Member of the Academy of Sciences A.D. Petrov and V.F. Mironov 


The polymerization of unsaturated organic compounds containing elements of Group IV has been Lttle 
studied. The ability of sllicoolefins to polymerize has been studied the most completely, though sull insuf- 


ficiently. We published previously [1-3] the results of an investigation of the polymerization and copolymer - 
zation of alkenylsilanes of different structures, 


The present investigation was devoted to the study of the polymerizability of unsaturated germanium 


compounds, There {s no informationin the literature on the synthesis and polymerization of unsaturated organo- 
germanium compounds, 


"We studied the polymerizability of mono-, di-, and tlallyl-germanium compounds and thelr copolymet- 
{zation with methyl] methacrylate. 


Five alkylallylgermanium monomers were subjected to polymerization and copolymerization under the 
standard conditions described in our previous articles (6000 atm. pressure, 120°, in the presence of tertiary butyl 
peroxide), The results of the investigation, presented tn Tables 1 and 2, show that allyl compounds of ger . 
manium differ little In their tendency toward polymerization from the analogous silicon compounds. 


TABLE 1 


Monomer Polymerization reaction prod 


Physical | 


Formula B.p. 


(CH,),GeCH,—CH -CH, 101°1764 


ue 
H,),0eCH,—CH ~CH, 
121,733 


CH,0e(CH,—CH=—CH,), 190/747 Colorless wane 
perent glase 
CH,Ge(CH,-CH-CH,), 190/747 Thick colorless Experiment 
ou canied out 

pressure 


The wlalkylallylgermanium compounds RyGeCH,—CH = CH,, where R = CHy and C,Hg, form olly poly- 


mers, while dimethyldiallylgermanium and methylutallylgermantum polymerize to the trimers, which are 
transparent glasses. 


Trlethylallylgermanium, similarly to tho corresponding alkenyls{lane, was somewhat more prone toward 
polymerization than ulmethylallylgermanium, Trimethylmethallylgermanium showed practically no tendency 
to polymerize. The lower tendency toward polymerization of compounds containing methallyl radicals was 


Notes 

= i 
a 

1.4303 | 0.9952 | colortess off | wo 3.5 | 34.0 

1.4594 | 1.0004 | same 7a° 39 | C46 

1.44616 | Old not polymerize 

| 


TABLE 2 


Copolymerization of Trialkylallyl- (or Mctha!lyl-) Germaniums with Methyl Metha- 
crylte 


Composition of reaction m 


Copolymerization products 


Elemental composition, 
calculated 
eG 


Alkenylgermantum 
monomer (formula) 


erman) & 


Found 


Initia 
centration 
mole 


of ale 
cn 


(CoH), 
(CH) 
(CH,), GeCH,—C=—CH, 


6.33 


3 8 83 


*MMA- methy! methacrylate. 


also observed by us in the case of silicoolefins. Monoallylgermantums can enter into copolymer{zation reac- 
tions. All monomers investigated by us formed copolymers with methyl! methacrylate. From the data on 


. ‘the viscosity [n] of the copolymer solutions, it follows that the introduction of alkenylgermanium units into _ 


the methyl methacrylate macromolecule lowers the viscosity and, consequently, the molecular welght. Solu- 
tions of the copolymer of trimethylmethallylgermanium, which did not undergo homopolymerization under 
these conditions, were the least viscous, An Investigation of the thermomechanical compression curves of the 
polymers showed that the homopolymers of dimethyldi- and methyltiallylgermanium are timers; they, just 
as the corresponding silicoolefins, were not fluld and were thermally stable up to a temperature of 250°. 


Copolymers of the monoalkenylgermaniums with 
methyl! methacrylate were polymers; at definite 
temperatures, they changed froma glass to a highly 
elastic state and thcn to a viscous, flowable state, 


EXPERIMENTAL 


The technique of the Investigation of polymeri- 
zation under pressure has been described by us earlier 
(1). In the present investigation, polymerization was 
carried out under a pressure of 6000 atm, at 120° in the 
presence of a polymerization initiator — tertlary butyl 
Fig. 1. Variation in nsp/c with ¢ for methyl meth- peroxide an amount of 1 mole % in homopolymer= 
acrylate and {ts copolymers with alkenylgermaniums {zations and 1.8-1.9 mole % in copolymerizations, 
1) methyl methacrylate; 2) copolymer with Duration of heating was 6 hours. For comparison, ex- 
(C,Hs);GeCHy-CH = CHy; 3) copolymer with periments were carried out without applied pressure, 
(CH,),GeCH,; -CH = CH;; 4) copolymer with 
= 
Hy 


Liquid reaction products were purlfled by elimi- 
nation of monomer under vacuum, Solid polymers were 
reprecipitated from chloroform with methyl] alconol 
The molecular weight of Uquid (low moleculay) poly- 
mers was determined cryoscopically using benzene as 
the solvent. In the case of solid polymerization products, the relative viscosity n, of their solutions in chloro- 
form was measured at 25° in an Ostwald viscos{meter, From the dependence of Nsp/e on ¢, the value of the 
intrinsic viscosity J) was determined graphically (see Figure 1). 


The composition of the copolymers n/m,where n is the number of methyl! methacrylate groups and m fs 
the number of alkenylgermanium groups, is determined from the germanium content and calculated by the 
formula previously given by us[3}. The data obtained are presented in Tables 1 and 2 and in Figure 1. 


70 


sd 
— 
2 
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:2.7 | 4 
469 
| 
1.28 
4.0 | 4 1.39 | 59.89] 
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The determination of the thermomectinical propertics of the polymers was carried out In the polymer- 
evaluation laboratory under the direction of G.L. Sloniinsky, to whom we are dceply indcbted, 
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REDUCTION OF FERROCENECARBOXYLIC ACIDS 


Academician A.N. Nesmeyanov, E.G. Perevalova 


and Z.A. Belfnoravichute 


In our previous work [1], it was shown that ferrocene {s metallifled by buty!lithium giving a mixture of 
mono- and dilithlum derivatives,which, on carboxylation, forms a mixture of ferrocenemonocarboxylic and 
ferrocenedicarboxylic acids. 


In the present work, ferrocenyllithium and ferrocenecarboxylic acids were used to prepare certain other 
derivatives of ferrocene, and it was shown that ferrocene {s readily metallified by phenylsodium (2) giving, 
after carboxylation, ferrocenedicarboxylic acid in 42% yleld. 


To phenylsodium, prepared in benzene from 10 g of sodium and 21 g of chlorobenzene (3), was added 
18.6 g of ferrocene. The mixture was allowed to stand overnight, and was then heated to boiling, while stir- 
ting, for 8 hours and poured onto solid carbon dioxide. The benzolc acid was steam distilled. After drying in 
air, the ferrocenedicarboxylic acid,was twice treated with hot benzene to remove the ferrocenemonocarboxy lic 
acid, which was formed In {nsignificant amounts. 55% of the ferrocene was recovezed unconverted. The yleld  ~ 
of ferrocenedicarboxylic acid was 42% of theoretical and 94% based on reacted ferrocene. 


The methy! ester of ferrocenedicarboxylic acid was readily reduced not only to the corresponding al- 
cohol, but also to dimethylferrocene, 1,1'-Di(hydroxymethyl)ferrocene was prepared by heating for two hours 
an ethereal solution of the methyl ester of ferrocenedicarboxylic acid (2 g) with an excess of lithium aluminum 
hydride, LIAIH,, which was prepared from 0.6 g of LIH and 5 g of AlBry. The yleld of di(hydroxymethy!)fer- 


rocene was 92% of theoretical, m.p. 85-86"; it was crystallized from alcohol and from a mixture of ether and 
petroleum ether. 


Found % C 58.66; 58.73; H 5.89; 5. es Fe 22:39. CH ,,0,Fe. Calculated %: C 58.56; H 5.73; 
Fe 22.69. 


1,1’-Dime thy ferrocene was prepared (89% yleld, m.p. 29-30°) by heating for three hours the methyl ester 
of ferrocenedicarboxylic acid with twice the above-indicated amount of LIAIHg; it was readily soluble In or- 


ganic solvents, but a from alcohol and from a mixture of ether and petroleum ether when cooled to 


Found % C 67.53; 67.70; H 6. 89; 6.81; Fe 25.73; 25.36. or Calculated % C 67.31; H 6.59; 
Fe 26.08, 


By viii with Uthium aluminum hydride of the methy] ester of ferrocenemonocarboxylic acid, ferro- 
cenylcarbinol was obtained, 73% yield, m.p. 74-75°; it was purifled by chromatographic adsorption on aluminum 
oxide, and was crystallized from alcohol and from a mixture of ether and petroleum ether. 


Found % C 61.61; 61.66; H 6.09; 5.83; Fe 25.67; 25. 46. seal Calculated % C 61.19; H 5.60; 
Fe 25.84. 


Lithium aluminum hydride reduces alcohols of the inenien series extremely easily. Thus, 1,1°-dicdi- 
pheny thydroxymethy!)ferrocene, on reduction with LIAIHy, gave an 87% yield of 1,1'-dibenzohydrylferrocene, 


previously desczibed by Pauson [4]. The dibenzohydry ferrocene crystallized well from benzene, m.p. 161-162°. 
Uterature data [4 m.p. 162-163". 


Found % C 83.43; 83.30; H 6.01; 6.11; Fe 11.17; 11.20. Cyt Fe. Calculated % C 83.39; H 5.79; 
Fe 10.81. 


Di(dipheny thy droxymethyl)ferrocenc was obtained In 51% yield by the reaction of the methy] ester of 
ferrocenedicarboxylic acid with phenylmagnesium bromide and also by the action of benzophenone on dilith- 
iumferrocene, but the yleld in the latter case was small; m.p. 179-180°, Both substances were identical with 
each other and with di(diphenylhydroxymethyl)ferrocene prepared by the reaction of dibenzoylferrocene with 
pheny lmagnetium bromide, as described by Riemschnelder and Helm (5S). Literature data m.p. 179-181°. 


Found % C 78.53; 78.45; H 5.66; 5.91; Fe 10.30; 10.55. Cy,Hy,OQ,Fe. Calculated % C 78.54; H 5.45; 
Fe 10.18. 


Reduction of 1,1°-ulbenzoylIferrocene with LIAlHy, under conditions which usually yield an alcohol, gave 
didenzylferrocene, previously described by one of us and N.A. Volkenau [6]. Yield 87% 
LITERATURE CITED 


(1) A.N. Nesmeyanov, E.G. Perevalova, R.V. Golovnya and O.A. Nesmeyanova, Proc. Acad. Sci. USSR 
97, 459 (1954). 


[2] A.N. Nesmeyanov, Substitution in Ferrocene Ring. Congress Handbook. XIVth International Congress 
of Pure and Applied Chemistry (Zurich, 1955), p. 193. 


[3] K.A. Kocheshkov and T.A, Talalaeva, Synthetic Methods In the Field of Organometallic Compounds 
(1949), 1, 168. 


(4] P.L. Pauson, J. Am. Chem, Soc. 76, 21B7 (1954). 
{S] R Riemschneider and D. Helm, Ber. 89, 155 (1956). 


[6] A.N. Nesmeyanov and N.A. Volkenau, Proc. Acad. Sci. USSR 107, 262 (1956) (T.p. 157). © 


*T.p. = C.3. Tzsnslation pagination. 


Received Se ptember 3, 1956 M.V. Lomonosov Moscow State University 


: 
= 
4 
“ 
— 
| 


INTERACTION OF NITROOLEFINS AND COMPOUNDS WITH 
ACTIVE METHYL GROUPS 


V.V. Perekalin and A.S. Polyanskaya 


(Presented by Academician I.N. Nazarov, November 24, 1956) 


It was previously shown by one of us that nitroolefins (nitrostyrene) can be condensed, in the presence 
of basic catalysts, with compounds containing labile hydrogen atoms in methylene groups (malonic and aceto- 
acetic esters and acetyl- and benzoylacetone) [1-3]. 


It seemed of interest to extend this reaction to compounds with labile hydrogen atoms in methy! groups. 
The Interaction of these substances with cationic reagents — aldehydes, hltroso and diazo compounds — has re- 
cently been well studied, but thelr reaction with nitroolefins has been given only very sparse description (4, 5}. 


We carried out for the first time the reaction of aliphatic, aromatic, and heterocyclic nitroolefins (nitro- 
{sohexene, nitrostyrene, and furylnitroethylene) with active methyl components (winltrotoluene, mesomethyl- 
acridine, quinaldine methlodide, and methylbenzthiazole methlodide). 


The synthesis was carrled out by heating equimolar amounts of the materials {n an organic solvent in 
the presence of a basic catalyst; the best ylelds were usually obtained In the presence of triethylamine. In 
certain cases, the reaction began Immediately with the addition of traces of the catalyst fo a melt of the com- 
ponents (condensation of nitrostyrene with tin{trotoluene, yleld 70%). The reaction conditions and the results 
of analyses of the substances synthesized are presented in Tables 1 and 2. 


Reduction and heating with hydrochloric acid converted the condensation products to the corresponding 
amines and carboxylic acids, 


It can be assumed that the reaction mechanism consists of the formation of a reaction complex which fs 
converted into the final product by 1,4-addition of the methy! component to the nitroolefin. The methy! 
group of the methyl component fs active owing to conjugation with the electrophilic groups (« -, o -conjugation), 
and the activity of the nitroolefin {s increased owing to filling of its electron vacancy by the catalyst. 


where Rs alkyl, aryl, or heterocyclic, R, 1s an electronegative group conjugated with the methy! group. 


The reaction described {s a general one, and {t opens up a route for the introduction of a nitroethy! group 
bonded to various alkyl], aryl, and heterocyclic radicals into compounds with active mothy! groups. In tho 


simplest case (the reaction of active methyl components with nitroethylene), this reaction can be characterized 
as a nitrocthylation reaction. 


t 
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TABLE 


Original 
m Final product 


? 
2 


Trialtrotoluene 


£29 


2 

g 


a 
g 
3 


Nitrolso 
hexene 


4 
! 
? 


pies 
? 


Triethylamine. 


35 les | 33 
Niro- | 1 Melt |TE# | 7 | 70 
| 
Furylni-; Ben- | TEA] 20 | 24 | 63.4 
troe thy! zone 
Nitrofso4 HII} R,—CH— CH.NOs Meth+ TEA |Refluy 5 | 53.5 
hexene du, nol 
Nitro- Viv Ben- flux} 5 | 565 
styrene zene jdine 
Fury Ini - — CHyNO, Ben- |TEA 8 | 69.5 
troc thy] zene 
VI + |Meth4 TEA] 40 | 5 | 62.7 
anol 
| r 
Niwo- + |Ben- | TEA [Reflux g | og 
r 
Fury Ini TEA jRefluxy 4 | 84 
toe thy] zene 
ene 
. i 
: 
| 


TABLE 1 (continued) 


Original 23 
Z|] 88 
as 
(Niuetso- | 1X $s 
+ TEA® Reflux} 4 | 59,5 
3 + C—CH.—CH-CH,NO, 
3 R 
r | 
Nitrosty- | x TEA 4 | 52,3 
Fury Int 
a - 
XI + TEA [Reflux] 4 | 86,0 
Triethylamine, 
Note: R; — CH, — CH —(CHj);; Rs 
TABLE 2 
Found, % Calculated, % Mol. et. 
M.p., °C 
3 HTN |S] ut nfs] t found ch. 
I 162,5 47.67] 3.36]/14.79 388] — 
Benzene [47.98] 3.29/15.00] — | — 4 
437138 {43,061 2.76115.00 
Benzene [43,44] 3.02115.00| — | — — 308 366.2 
448—149 174,39] 7.02] 8.67 32 
Ethanol {747631 7114] 8:69] — | — |74-57/6.87] 8,63) — — | 328 [922 
IV 464,6 |77.31| 5.56] 8.27 358 
Dichloro= |77.47| 5.67] 8.37) — | — | 8.18) —| — | [342.3 
ethane 
Vi 466—168,5 [72,45] 4.82] 8.44 
Bearens [72,15] 5.02| 8.38) — | — 8.42) — 382.4 
vi 178 49.74] 5.74] 6.74 30.68 
Methanol 5.67| 6.47] — 6.75) — [30,64] — | — 
Vil 174.5 52.82] 4.57] 6.40 29.45 
Methanol [52,631 4.54] 6.66] — 6.49) — [29,23 — | — 
Vill 164 48,06] 4.26] 6.44 
Ethanol {47,89 4.36| 6.54] — | — [43-44/4.04) 6,60) — 
453 42,83] 5,65] 6.821 [30,04 
Etranol 42.99) 5.35] 6.78] — |30, 09|*2-87|5.03) 6.66/7,63/30,2) — — 
x {74 46,25] 3.84] 6.28/7,38/20.44 
163 41,79] 3.48] 6.5217, 42129 60) 
Methanol 3.54] 883,54] — — 


j 
| 
| 
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« 
717 
= 


LITERATURE CITED 
{1] V.V. Perekalin and A.S. Sopova, J. Gen. Chem. 24, 513 (1954) (T.p. 523). ® 
(2) V.V. Perekalin and A.S. Sopova, Proc. Acad. Sci. USSR 95, 993 (1954). 
{3} V.V. Perekaiin and A.S. Sopova, Progr. Chem. 24, 613 (1955), 
(4) H.B. Hass and E.F, Riley, Chem. Revs. 32, 414 (1946). 
(5] A. Lambert and H. Piggott, J. Chem. Soc. 1947, 1948. 


°T.p. = C.B. Translation pagination. 


Received March 22, 1956 


: 

" 

: 

‘ 

~ 
18 
4 


BENZYLIDENE DERIVATIVES, CONTAINING 1,3-DIOXOLANE RINGS, 
OF THE HYDRATE FORM OF a-KETO-ALCOHOLS 


T.I. Temnikova and B.A. Gontarev 


(Presented by Academician I.N. Nazaroy, July 13, 1956) 


Compounds containing 1,3-dioxolane and 1,3-dioxane rings — cyclic ketals and acetals — are widely 
used in organic chemistry. They are prepared in order to protect alcoho! groups from the action of reagents 
during methylation and acylation of polyhydric alcohols and during transformations of monosaccharides. The 
stability of these rings {n the presence of alkalies and thelr ready hydrolysis in acid media to aldehydes or ke- 
tones and the conversion products of the original polyhydroxy compound make {t possible to carry out reac~- 

- Wons In the desired direction. By way of example, the work reported in reference [1] can be cited; in this 
work, the B-methy] ether of glycerin was prepared, for the first time, In the form of the a,y-benzylidene de- 
tivative (2-phenyl-1,3-dioxane) as a means of protecting the terminal alcohol groups. Udlizing this same 
benzylidene derivative, Stimmel and King [2] prepared B-monoesters of glycerin and fatty acids. 1,3-Dioxane 
and 1,3-dloxolane rings have their greatest significance In the chemistry of sugars, where acetone and benzyl- 
dene derivatives are widely used. The latter, however, and espectally the dibenzylidene derivatives, have been 
insufficiently studied. Compounds containing 1,3-dloxolane.rings are prepared by two methods: condensation 
of di- or polyhydtic alcohols with aldehydes or ketones in the presence of catalysts (H;SO,, CuSO,, etc.) [3] 
and condensation of oxides with carbonyl compounds In the presence of sulfuric acid or salts of heavy metals 


(4). 


Since a-methoxy - a-oxldes (methyllactolides of a-keto-alcohols) have become readily available in re- 
cent years (5, 6), it seemed of Interest to condense them with aldehydes or ketones to prepare the first mem- 
bers of a new type of derivative of the hydrate form of a-keto-alcohols (1) — 4-methoxy -1,3-dloxolanes (II) 


The first attempts at condensation of the methyllactolide of the secondary keto-2lcohol n-propylbenzoy1= 
carbinol (III) with ketones were unsuccessful;* by the reaction of the methoxyoxide with acetone containing 
0.2% water in the presence of sulfuric acid as a catalyst, we obtained an insignificant amount of the hydrolysis 
product — the keto-alcohol propylbenzoylcarbinol (1V) — the major reaction being the dimerization of the 
me thy llactolide; 


° CH, 
CH, — CCH — Hy CH,CO— CHOH — C,H, + H—GH, 

CoH,” 


*Jointly with V. Ivanova, 


> 
= 


In sn attempt to carry out the condensation of benzophenone In carbon tetrachloride soludon {n the pre- 
sence of SnC\, as a Catalyst, only Lsomerizauon of the methyllactolide of ee to the methyl 
ether of phenyl proplonylcarbinol occurred, 


In the present work, we successfully accomplished the condensation of the methy! lactolide of dimethy]l- 
benzeyIcarbinol (V) [6] with benzaldehyde, anlsaldchyde, and para-nitrobenzaldchy de: 


C,H, 


where X = H, CHO, or NO,. The condensation was carried out {n carbon tetrachloride solution in the presence 
of several drops of SnCk as a catalyst. The reaction proceeded from the Instant of the addition of the oxide 


to the complex of the aldehyde with the SnCk. The yield of purified, recrystallized ees was 40-50% of 
theoretical, 


4-Me thoxy -dioxolanes are rgadily crystallizable substances; in the 
condensations with benzaldehyde and para-nitrobenzaldehyde, the dioxolanes were obtained in the form of two 
diasteriolsomers. 


4-Methoxy -5,5-dimethy]-2,4-diphenyl-1,3-dioxolane was obtained in the form of two diasterlolsomers 
(VI, X = H) from the condensation of the a-methoxyoxide with benzaldehyde: 


a-Form, m.p. 98-99, 

Found % C 75.9; 76.2; H 7.24; 7.15; OCH, 10.61; 11.01." 

8-Form, m.p. 84-86, | 

Found C 76.2;*H 7.31; OCH, 11.01; Calculated % C 76.03; H 7.09; OCH, 10.91. 


4-Methoxy -5,5-dimethyl-2-p- methoxy pheny!~4-pheny1- -1,3-dloxolane X = OCH;), m.p. 74-75°, 
was obtained from the condensation with anisaldehyde, 


Found % C 72.36; 72.40; H 7.09; 7.11; OCH, 20.02; 19.88. CygH,,0,. Calculated % C 72.58; H 7.05; 


OCH, 19.75. 


4-Me thoxy -5,5 -dimethy1-2-p-nitropheny1~4 -phenyl-1,3-dioxolane (VI, X = NO,) was obtained in the 
form of two diasterlolsomers from the condensation with p-niuobenzaldchyde: 


a-Form, m.p. 139-140°, 
Found % C 65.58; H 5.95; OCH, 9.22; N 4.36. 
8-Form, m.p. 86-88", 


Found 65.71; 6.12; OCH, 9.28; N4.41. CyHyON. Calculated 65.10; H 5.82; 
OCH, 9.43; N 4.27. 


The condensation of the methyllactolide of dimethylbenzoylcarbino!l with benzophenone was carried out 
in the same way. 4-Methoxy-5,5-dimethy1-2,2,4-tipheny!-1,3-dioxolane (VII), m.p. 89-90°, was obtained. 


Ag 
Hg 
C—O C,H, — X 
H 
H 
CH, CH, 
: 
= 
‘ 
80 j 
~ 


Found Jz C 79.81; 79.84; H 6.94; 6.63; OCH, 8.68; 8,72. C41,,0,. Calculated $e C79.97; H 6.71; 
OCH, 8.62. | 


All 4-methoxy-1,3-dloxolanes, with the exception of the one containing a nitro group, gave charactcr- 
{istic absorption curves In the ultraviolet region with maximum absorption at 318 my; this same maximum oc- 
curred in the spectrum, taken by us for the first Ume, of the phenylmethy! acetal of dimethylbenzoylcarbinol 
(VN): 


The spectrum of 4-methoxy was characterized 
by a very iutense general absorption in the region examined (340-290 my). There were no absorption maxima 
in the infrared spectrum of this compound in the region 1680-1750 cm“, 


All of the compounds prepared by us resembled “double” ketals, which have a characteristic alternation 
of carbon and oxygen atoms in the chain, in that they were very stable {n neutral and alkaline media and with- 
stood prolonged boiling with free alkali. On the other hand, in acid medium they were readily hydrolyzed, 
both on heating and at room temperature, Since all compounds (VI, VII) are crystalline materials, their hydro- 
lysis in acidified water (5% H,SQ,) proceeds very slowly in the cold. The hydrolysis gave the keto-alcohol — 

thy Ibenzoylcarbinol — the carbony! compound used the condensation, and methyl alcohol. Identifica- 
tion of the hydrolysis products was accomplished through their dinitropheny lhydrazones by the gradual suc- 
cessive precipitation of the derivatives of the aldchyde and then the keto-alcohol. The methyl! alcohol was 
identified. 


; The ease of hydrolysis of these compounds and thelr stabi Uty {n alkaline media confirm thelr structure 
as methoxy -subsututed 1,3-dloxolanes. 


On the basis of the approximate equation for the rate of condensation of aldehydes having subsutuents of 
opposite electrochemical nature (p-CH,O and p-NO, groups) and also from the ease of condensation with ben- 
zophenore, it can be assumed that the reaction rate {s determined chiefly by the rate of opening of the oxide 
ting. - 
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ON POLYMERIZATION IN VISCOUS MEDIA 


1.A. Arbuzova, V.N. Efremova and 1.K. Ulezo 


(Presented by Academician A.V. Topchlev, August 31, 1956) 


One characteristic of polymerization reactions {s the great effect of the surrounding medium on the rate 
of polymer chain termination. 


The various factors inhibiting the termination reaction Increare both the polymerization rate and the length 
of the polymer chains. Tho large chango in monomer viscosity, which occurs during mass polymerization, must, 
from this point of view, have an effect on the polymerization process. In tho first period, the majority of poly- 
merization reactions proceed at a constant rate. If, however, polymers of high molecular welght are formed and. 
the viscosity of the system repidly increases, the reaction rate also begins to Increase. Simultaneously with the 
increaso in réaction rate, there is an increase In the molecular welght of the polymer. In accordance with this 
position, Trommsdorf (1) found that, if the viscosity of methyl methacrylate Is increased by dissolving collulose 
propionate In it, the polymerization rate increases, In contrast to this effect, the influence of Inert solvents which 
lower the viscosity of the reaction medium Is manifested in a decrease in polymerization rate and a decrease in 
polymer molecular welght proportional to the decrease in monomer concenttation (2). The majority of solvents 
teacting with the polymer chain cause termination or chain transfer, as a rosult of which the polymerization rate 
decreares according to the dilution while the molecular weight of tho polymer falls off more quickly than can be 
explained by dilution (3} During a study of the polymerization of vinyl acetate in benzene and of styrune In care 
bon tetrachloride, it was shown by S.S. Medvedev (4) that, under theso conditions, chain termination proceeds by 
reaction of the growing chains with the solvent. 


The opposite effect ts observed when the polymerization takes place {n a medium which dissolves the mon- 
omer and {s not a solvent for the polymer. Thus, Norrish and Smith [5] showed that methyl] mothacrylate poly- 
merizes faster {n solvents causing the precipitation of polymer than in good solvents for monomer and polymer. 
Simllar results were obtained by Haward (6) {n the polymerization of lsopropeny] ketone. In both cases, the In- 
crease In polymerization tate was accompanied by an Increase In the Intrinsic viscosity of the polymer formed. 
Melville (7), during a study of the polymerization of vinyl acetate In n-hexane, which {Is not a solvent for the 
polymer, established that tho reaction rate Increased as the reaction procceded. Along with this, the rato con- 
stant for chain termination decreased, Thus, there ts Information In the terature on the effect on the polymere 
{zation process of solvents which dissolve monomer and polymer and also of solvents for the monomer which are 
not solvents for the polymer. The question of the effect of the viscosity of the solvent haz not been considered in 
the literature. Nevertheless, it would be expected that the viscosity of the solvent would have an effect on poly- 
merization rate and on the properties of the polymer formed. 


The present communication ts cevoted to the question of the polymerization of acrylamide, methacryla- 
thide, and methylol methacrylamide using glycerine as the solvent for the first Ume, All of theses monomers and 
thelr polymers are soluble tn glycerine with the formation of highly viscous solutions, Literature data on the 
polymerization of these monomers relates to a study of polymerization {n solvents of low viscosity. 


Thus, Schulz, Renner et al. (8) investigated the — polymerization of acrylamide in the solvents water, 
methyl alcohol, and alcohol-water mixtures, 


Polymers of methacrylam{de were propared by Arcus by polymerization of methacrylamide In # medium of 
toluene and ethy! acetate in the presence of 2.5-5% benzoyl! peroxide, and they wore obtalnod by Planer by 


- 


polymerization in an aqueous medium. Concerning the polymerization of methylol methacrylamide,there are 
only the Indications of Feuer and Lynch [12]. according to whose data methylol methacrylamide polymerizes tn 
aqueous media In the presence of acids and In organic solvents In the presence of tonic catalysts with the formas 
tion of insoluble polymer. 


The experiments carried out showed that acrylamide, methacrylamide, and methylol methacrylamlide poly 
merize readily in glycerine under the influence of ultraviolet {radiation with the formation of highly viscous 


polymers. 


Starting materials and method of Investigation 


The acrylamide was prepared by partial saponification of acrylonitrile [12]. The raw product was purifled 
by three-fold recrystallization from benzene; after drying in a vacuum desiccator over paraffin chips: m.p. 85°, 
N 19.70%, calculated for CsHs,ON: N 19.71% 


TABLE 1 


Solvent Acrylamide | Reaction Reaction Reaeted Averagorate | 
concentra- | tempera- | mole mole/Uter/ [n) 
tion, ture, °C min. /sec- 108 
moles/lUter 


Water 1.58 40 2880 Did not polymerize 
Glycerine | 1.58 40 1020 87.5 1.3809 0.225 0.50 
2.85 40 1020 98.48 2.7960 0.456 0.816 


1.408 1 140 16.3 0.229 0.270 1.068: 
f 1.408 1 190 95.1 1.339 1.174 1.035 
e 


2.85 1 40 83.2 2.371 9.88 1.614 


TABLE 2 


Methacryla-} Reaction Reaction Reacted Average rate 
Solvent mide con- | tempera- | ume, mole/liter/ | Remarks 
cenuation, | ture, °C min. 104 

moles/Lter 


Water 1.176 19 1320 : Did not polymerize 
Glycerine | 1.176 19 50 98.3 1.156 3.510 Insolubse 
0.62 19 60 66.7 0.413 1.165 


TABLE 3 


Methylol | Concentra-| Reaction | Reaction Reacted Rats, 
methacryl4 tion H,Q,, | tempera- | time, mole/Ltor/ 
Solvent | amide con4 mole/lter | ture, °C | min. 108 {n) 
centration, 
mole/lter 


0.782 y 40 2520 100 0.78 =~ 0.05 
0.782 0.0375 35 1080 100 0.78 0.24 


0.82 35 1335 $17.1 0.45 0.563 0.85 
1.44 35 615 20 0.288 0.78 1.41 
1.74 35~40 130 12.4 0,216 2.16 2.15 


The methacrylamide was prepared by the method of Arcus (9) by tho reaction of methyl methacrylate with 
aqueous ammonia, After recrystallization from alcohol, it melted at 111°. The mothacrylamide content (deter~ 
mined by the bromination method) was 99.77% 


. 
__ 
WwW 
| 
| 
> 
~ 


TABLE 4 


Methylol Reaction Reaction Reacted Rate, 
methacryl- |tempera- | time, mole/lUter/ 
Solvent amide con- | ture, °C min. % mole /sec- 104 
centration, 


moles/liter 


0.87 


20 


30 


31.2 


0.271 


1.5 


0.457 20 60 84.4 0.386 1.068 1.94 
' 0.457 16 50 44.5 0.203 0.565 2.63 
Ks 0.235 20 150 52.8 0.124 0.138 = 


The methylol methacrylamide was synthesized by the method of Feuer and Lynch [11] by the reaction of 
methacrylamide with paraformaldehyde tn a carbon tetrachloride medium. The raw product was recrystallized 
from ethyl] acetate. After drying.in a vacuumdesiccator! m.p. 53.5-54.5°, N 12.12%, for 
N 12.17% 


The glycerine was purifled by vacuum distillation. The fraction with b.p. 167°(5 mm), d® = 1.2642, and 
Ne = 1431 cp was used for the experiments. 


Prior to carrying out a polymerization, the water was purified by distillation over potasslum pormanganata 
in an oxygen-free stream of nitrogen. In order to study the effect of solvent viscosity on polymerization rate and 
polymer properties, polymorizations were carried out in two solvents, water and glycerine, the viscosity of the 

latter being about 1400 times greater than that of the former at room temperature. The polymerizations wore 
carried out under the.influence of ultraviolet {rradiation.® 


The light source was a PRK-2 lamp. Tho region A = 3000 A was 
used for the polymerization study. The polymerization was carrled out 
in sealed ampoules of Fyrex glass. At the conclusion of the process, the 
polymers were purified by precipitation from the aqueous solutions with 
methyl] alcohol and subsequent repeated reprecipitation, In the 
merization experiments in a glycerine medium, the contents of the am- 
poules were first dissolved in water, and then the polymer contalood In 
the aqueous glycerine mixture was precipitated by methyl alcohol Fur- 
ther purification was carricd out by solution of tho polymer in wator and 
subsequent precipitation with methy! alcohol. The viscosity of the poly- 
mers was determined with an Ostwvald viscosimeter, the viscosity of the 
glycerine in a Hocppler viscosimeter. In the tables aro presented the 
Intrinsic viscosities of the polymers and the viscosity of the glycerine In 
centipoises, 


0 1 


Fig. 1. Effect of temperature on 
the viscosity of glycerine. 


The results of the experiments on the polymerization of acryla- 
mide are presented {n Tablo 1. 


- From the data of Table 1, it Is seen that irradiation of an aqueous 
solution of acrylamide for 42 hours at a temperature of 40° did not cause polymerization, while Irradiation of a 
solution of acrylamide in glycerine for 12 hours gave a conversion of 87.5%. With an Increase In polymer concen 
tration, the reaction rate and the Intrinsic viscosity of the polymer Increased. With a decroase In reaction tem- 
perature, the intrinsic viscosity of the ‘polymers Increased. The question of the variation {n reaction rato with a 
decrease in temperature will be considered in a subsequent communication, The results of several experiments 
on the polymerization of mothacrylamide are presented in Table 2. They indicate that the process of the poly 
merization of methacrylamide in glycerine ts highly active. 


= results of some experiments on the polymerization of me thylol methacrylamtde in aqueous medium 


The of methylol acrylamide aqueous medium was also carried out In the presence of hydro- 
gon peroxide as the initiator, 


3 
3 4000 


are presented in Table 3. 


From the data of Table 3,it is seen that highly viscous polymers wore obtained by the polymerization of 
methy lol methacry amide in aqueous medium In the presence of hydrogen peroxide and with the simultaroous 
influence of uluaviolet Ught. The intrinsic viscosity of the polymer was increased by carrying out the polymerie 
zation under the Influence of uluaviolet irradiation. An increase in the monomer concentration increased poly 
merization rate and polymer viscosity. 


In Table 4 are presented the results of some experiments on the polymerization of eis inated 
mide in glycerine medium, 


The experiments carried out on the polymerization of acrylamide, methacrylamide, and methy lol methas 
cry lamide indicate the effect of solvent viscosity on polymerization rate and molecular wolght of the polymers. 
From a comparison of the results obtained in the polymerization of methyiol methacrylamide In aqueous soludon 
and in glycerine medium, it follows that the polymerization rate in glycerine exceeds by many times tho poly- 
merization rate in water, The Intrinsic viscosity of the polymers was also higher in the case of glycorine. The 
polymerizations in glycerine permit a showing of the effoct of a change In the viscosity of the medium on poly 
mer properties without a change in the nature of tho solvent. With a decrease in the polymerization tomporature 
for acrylamide from +40° to +1°, the viscosity of the polymers formed Increased approximately two-fold (s00, 
for example, Experiments 3 and 6 of Table 1). 


In Figure 1 is presented a curve, constructed on the basis of Uterature data (13), showing the chango In the 
viscosity of glycerine with a change fu temperature, It ts seen from the curve that tho viscosity of glycerine at 
1° is 11000 cp, and at 40° it fs ~500 cp. Thus, a change In the reaction temperature from 40° to 1° changes the 
initial viscosity of the reaction medium by approximately a factor of 20, which causes a large decrease in the 
diffusion rate of the growing polymer chains and further decroases the termination rate and also leads to an in- 


crease in molecular weight. 
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THE KINETICS AND SEQUENCE OF HYDROGENATION OF BONDS 
IN PEROXIDE COMPOUNDS OVER A NICKEL CATALYST 


Academician A.A. Balandin, N.V. Nikiforove 
and L.Kh. Freidlin 


The hydrogenation of peroxide compounds Is a Mttle studied fleld of catalysis. The hydrogenation of as» 
caridole over Pd and Pt catalysts (1), of photooxides of the anthracone and tetracens [naphthaceno] series over 
nickel] (2), and of aromatic hydroperoxides in the presence of skolotal nickel (3) have been described. Tho pres 
ent communication gives a brief doscription of the results of an investigation of the hydrogenation kinetics of a 
number of peroxide compounds and of the sequence In which the atomic groupings Cs C, C aC, and _ io 


_ these compounds react with hydrogen In the presence of nickel Catalyst. 


Of tho serles of possible reactions, the first to take place will be that with the haais energy barrlot t4, 8} 
According to the multiplet theory, the hydrogenation of peroxides wjll proceed by the doubiet schemes 


-O-H 
| |-™ 
-OH -O-H 


Starting with the average bond energies, Q [6], It 1s possible to calculate the heat of formation, E’, and the 
heat of decomposition, E", of the muluplet complex M (in kcal/mole): 


Ey = —Qo_o — Qu-n + — == 55.8, 
Ei = — — = 2+110.6 — 2-48.5 — 2-55 2214.2, 


The energy barrler cotetmining the reaction rate ls — Ey = — 14.2. kcal/mole; since the calculated value 
is negative, It Indicates that the hydrogenation of pcroxides must proceed readily over nickel catalyst. 


Of the compounds contalhing other functional groups In addition to the peroxide group, we may first coms 
pare tho ease of rupture of peroxide, ethylenic, and acctylenic bonds In the presenco of —s over nickel 
For the group of atoms 


H >C-H 
| 
>CH 


where, respectively, 


Ey — 2Qc_n — — == 30.1, 


the reaction rate 1s determined by tho barrier — Eg = 2.9 kcal/mole. For the group of atoms 


Ey == — ~ — Qu-n + + = 6,4, 
Ey = 2Qc_n — — = 33.0, 


the reaction rate fs determined by the barrier — Eg = — 6.4 kcal/mole. For the last calculation, the value of 
Qac—Ni was taken as Q— C— py for lack of more precise data. If it Is actually greater by several kilocalortes, 
this will not change the essence of the argument. For the hydrogenation of the nitro group, the main energy bar- 
tier must be in the hydrogenation of the first N-O bond; the calculation for the group of atoms 


gives, respectively, 
Ey = — — Qu—n + + = 28.3, 


= Qu + Qo-n — — — = 18.4. 
Thus, the reaction rate must be determined by the barrier — E" = — 18.4 kcal/mole. 


ml/min. + The calculations permit the prediction that, 
over nickel catalyst, the first of these groups to be 
hydrogenated will be the nitro group (- E* = 

= — 18.4 kcal/mole), then the peroxide group 

(= E" =— 14.2 kcal/mole), then the first bond in 
C 3C(-E* = —6.4 kcal/mole), and lastly the 

-bond inC = = 2.9 kcal/mole). The 
theory indicates that hydrogenolysls of the C-O 
and C-C bonds must proceed most difficultly of 
all (see below). 


The catalyst was prepared by leaching a 
50% NI—Al alloy with a 20% solution of sodium 
hydroxide for 2 hours at 80° and subsequently wash- 
y— ing with water. The hydrogenation was carried 
Fig. 1. Kinetic curves for hydrogenation {n ethyl alco- 
hol at various temperatures; I) tort-butyl perbenzoate; 
I) cyclohexene hydroperoxide. way oscillations per minute. Toluene, benzene, 
and 96% ethyl alcohol were used as solvents. A 
fresh portion of catalyst was used In each experi- 


ment. The volume of absorbed hydrogen was measured every 150r 30 seconds. The crder of the reaction and the 
fate constant were determined primarily from the kinetic curve. 


Examples of the kinetic curve are presented in Figure 1. The results, presented in Table 1, show that order 
of the reaction and the value of the rate constant for the hydrogenation of the ~-O—O- group depend on the nature 
and structure of the substituents. The overall amount of hydrogen absorbed during the hydrogenation of isopropyl 
benzene hydroperoxide, ethyl phenylsopropyl peroxide, and tert-buty] benzoate corresponded to that required for 
the formation of the alcohols. Thus, in the presence of nickel catalyst, only the -O-O— bond fs ruptured, as fis 
required by theory, since the calculated value of —E for the O—-O bond (—E = 14.2 kcal/mole) {s less than for 


any of the remaining interdtomic bonds: —E = 10 kcal/mole for C =O, —E = 20 kcal/mole (7) for the benzene 
bond, ~E = 17 kcal/mole for C =O and ~E = 48.5 kcal/mole for CC. 


| 
: 

-CH 

CH 
where 

NH N-H 

> 

ory 7 

| 


TABLE 1 


Peroxide formula 


Te constant 
drogenae 
120° 

g of catalys 


for bh 
uon a 


Isopropylbenzene 
hydroperoxide 


Ethyl phenyliso- 
propyl peroxide 


Tetralin hydropere 
oxide 

3-Methyl-1~butyne 
hydroperoxide 

Cyclohexene 
hydroperoxide 


Benzoyl peroxide Benzene, 


Ethyt 
tert-Butyl 


perbenzoate 


° 

bts (p-nitro- Toluen 
benzoyl) : 
peroxfde 


Di-tert-butyl Ethyl 
peroxide cx,-d-o-0-¢_cn, alcoho 


*Rate constant at 25°. 


The apparent activation energles found were small, about 5 xcal/mole, and this {s in agreement with the 
theoretical calculations, f.e., E®° > 0. This last Indicates that the true activation energies must be vanishingly 
small tert-Butyl perbenzoate had a higher activation energy (E = 9.45 kcal/mole), and di-tert-buty] peroxide, 


undor these conditions, wat not genorally hydrogenated, which was apparently duo to a still higher acdvation en- 
ergy for the reaction. 


The kinetic curves for the hydrogenation of cyclohexene hydroperoxide, 3-methyl-1-butyne hydroperoxide, 
and a peroxide are presented in Figure 2. 


The sequence of hydrogenation of the various groups was determined by highly sonsitive qualitative reac- 


‘dons (reactions with dimethylantline, phenolphthalein, diphenylamine, &-naphthol, ferric chloride, 
and others) (8-10). : 


The data obtained show that the peroxide group Is reduced first in the hydrogenation of cyclohexene hydro- 
peroxide, and then the double bond at a greater rate. There {s a clearly expressed break on the curve at the mo- 
ment when hydrogenation of the peroxide group was complete and hydrogenation of the double bond began. Thus, 
the hydrogenation of unsaturated hydroperoxides can be used for the preparation of unsaturated alcohols. The ap- 
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pareot activation energy, for the peroxide 
group was approximately 5.0 kcal/mole, and for 
the double bond 7.3 kcal/mole. 


In the case of the acetylenic peroxide, the 
peroxide group was reduced first, then the first 
bond in C aC, and finally the x -bond C=C, 
The apparent activation energy for the acetylenic 
bond and the peroxide group was approximately 
5.5 kcal/mole, and for the double bond it was 6.38 
kcal/mole. 


The hydrogenation of bix p-nitrobenzoy)) 
peroxide was more complex. Qualitative reactios 
for the nitro group became negative at the moment 

_ two molecules of hydrogen had been added to a 
molecule of the nitro peroxide. The peroxide 
" gtoup disappeared from the solution after the ad- 
dition of one more molecule of hydrogen. The 
reactioa for the amino group became positive and 
more distinct after the addition of a fifth mole- 
cule of hydrogen. Thus, the nitro group was hydro- 
Fig. 2. Kinetic hydrogenation curves, 1) Cyclohexene genated first with the formation of an intermedia 
ill) bis(p-aitrobenzoy!) peroxide. Legend: p) peroxide y ion 
group; a) acetylenic group; n) nitro group; a’) amino react with the intermedi{ate product forme in 
‘ ; minus) absent, first stage. The hydrogenation of the nitro perox 
Pe eee en ide was complete after tlie addition of 7 molecules 
of hydrogen per molecule of peroxide. 


The products of the hydrogenation of cyclohexene hydroperoxide, 3-methy1-1-butyne hydroperoxide, and 
bixp-nitrobenzoy!) peroxide were Isolated and identifled. They were, respectively; cyclohexanol, 
akohol, and p-aminobenzoic acid. 


The results of our work show that the observed sequence in the hydrogenation of various functional groups 


in peroxide compounds over skeletal nickel catalyst Is in agreement with the conclusions reached on the bass of 
multiplet theory. 
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NEOABIETIC ACID — A PRIMARY ACID OF THE OLEORESIN 
OF THE COMMON PINE 


La Bardyshev, V.V. Kokhomskaya.and L.I. Ukhova 


(Presented by Academician B.A. Arbuzov, July 4, 1956) 


Levopimaric, dextroptmaric and ablotic acids may be considered as primary acids entering Into the com- 
position of the oleoresin of the common pine (P, silvestris), which grows within the borders of the USSR{1,2} The 
question of the existence of a- and B-sapinic acids Is debatable [3]. 


It was shown fn the present work that neoabletic acid [1] fs a primary acid of the olooresin of the common 


pine 


H,C COOH 


EXPERIMENTAL 


The crystalline resin acids were filtezed from the Uquid part of the oleoresin, recrystallized from methanol, 
and converted to the sodium salts by the usual method [1]. The crystals of the sodium salts were filtered, and the 
filtrate was decompesed with boric acid. In this way were {solated two acid fractions with [ a), —82° and [ -63° 
(specific rotation was always determined In 1% alcohol solution). 


The levopimaric acid was removed from 100 g of the acid with { a})~63° (Figure 1,1) by means of doubly 
distilled maleic anhydride (4), and the remaining resin acids with [a]p +52° (Figure 1,2) were converted to the 
diethylamine salts. Fourfold crystallizaticn of these salts from acetone followed by decomposition of the salts 


with boric acid gave neoabletic acid, m.p. 178-180° and —_ +172° (Figure 1,4). Elemental ae and titra- 
tion of the acid confirmed the formula Cy9H,,0,. 


A second sample of neoabletic acid, m.p. 177.5-179° and (a}p+ 175°,(Figure 2,5), was prepared from the 
same fraction of acids without preliminary teatment with maleic anhydride by fivefold crystallization of thoir 
diethylamine salts from acetone, The diethylamine salt of this fraction of acids which was separated from the 
filtate had m.p, 112-117° and [a]p - -19.6° (Figure 2, 6). In Figure 2, Curves 1, 2, 3 and 4 show the change in 
specific ‘absorption cooffictent of the salts of this fraction on successive crystallizations, After the fifth crystalll= 
zation, the salt had m.p, 154-157° and [a)}p + 121°. It should be noted that our samples of nooablotic acid had 
higher molting points and specific rotations than the sample of this acid described in the Uterature (6). 


: 
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220 250 280 my 220 240 260 mys 


Specific absorption coefficient 
Specific absorption coefficient 
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Fig: 1. Ultravialet absorption spectra; - 1) Fig. 2. Ultraviolet absorption spectraz. 6) di- 
original mixture of resin acids; 2) resin ethylamine salt of the original resin acids; 1, 
acids after removal of the kevopimaric acid; 2,3, 4) the same after successive crystalliza> 
3) diethylamine salt of neoabletic acid; 4) tions of the salt from acetone; 5) neoabletic 
neoabietic acid. acid. 
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Ethy denedifsopropylbenzene was prepared by alkylation of fsopropylbenzeno with ethylene the presence 
of HyPO,: BF, catalyst (3). It fs an olly, fluorescent liquid: b.p. 180-190°/10 mm; = 0.9655, 


viscosity 9.1 centistokes. 


furnace, 


TABLE 1 


V.L. Vaiser, V.D. Ryabov and B.I. Kryvelev 


(Presented by Academician A.V. Topchfev, August 3, 1956) 


CATALYTIC CRACKING OF ETHYLIDENEDIISOPROPYLBENZENE 
{1,1-BIS(p-ISOPROPYLPHENYL)ETHANE] 


The investigation of the catalytic cracking of ethylidenediisopropy lbenzene [1,1-bix p-lsopropy Ipheny]- 
ethane) was undertaken by us ff connection with work on the preparation of styrencs from diarylethanes. It was 
of interest to carry out such an Investigation from the point of view of the clarification of the chemism and of 
certain regularities of the catalytic cracking of this complex hydrocarbon; there is no information In the Itera- 
ture relative to this process. If catalytic cracking of unsymmetrical diphenylethane [1] and of unsymmetrical di- 
tolylethane (2) leads chiefly to the formation of an aromatic hydrocarbon and the corresponding styrene, then 
cracking of ethylidenedilsopropylbenzene should be more complex owing to the presence of the lsopropyl group. - 


All cracking experiments were carried out at 600 + 5° in a quartz tube heated by a heavy-duty electric 


The temperature of 600° was selected, because it fs optimum for the cracking of other dlarylethanes, es- 
pecially for ditolylethane cracking, as was established by us in previous work [2]. 


1.5465; 


Contact time,} Conversion to | Alkylstyrene | Initial boiling] Amount of gas, 
Catalyst Space rate sec, light products,| content, % | pointof | 
% alyzate, °C 
*Houdry® 0.8 0.064 11 66.5 135 6.5 
Bentonite 0.78 0.054 57.4 66.0 150 4.5 
Askangel 0.8 0.065 67.4 51.5 138 4.0 
Kaolin 0.8 517.3 57.5 135 3.5 


Note: Temperature 600 ¢ 5°. Molar dilution 


It is woll known that at high temperatures steam causes a decrease in the overall activity of silica-alumina 
catalyst, which {s explained by a docsease in {ts surface [4]; however, this does not decrease the specific catalytic 


acdvity, During heterogeneous catalytic reactions, use of the entire surface of the catalyst — on the tatio 
of reaction rate to diffusion rate, 


0.064 


mole H,O 
Gee = 60 2 5. 


Temperature measurements were made with a chromel-alumel thermocouple, the junction of which was 
located inside the catalyst bed. The cracking was carried out with steam diluent which, fn this case, lowered the 
partial prossure of the cracking stock, decraased the contact ime, and reacted with the coke on the catalyst, 

thereby preventing rapid loss of catslyst activity. 


2 
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1.4942 


464300 
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Fig. 1. a) Distillation curve; b) index of refraction iy. 


The cracking of diarylethanes, particularly at high temperatures (550-600°), apparently proceeds In the dif- 
fusion region; hence, the external surface of the catalyst fs chiefly used. Therefore, a decrease in the overall 
surface of the catalyst under the influence of steam cannot affect the cracking rate, as has been observed by us. 


The cracking experiments were carried out in the usual apparatus. Precision feeding of raw material and 
water was accomplished by means of a clockwork mechanism. The ethylidcnedilsopropylbenzene (henceforth de - 
noted by CzoH 3) was mixed in a T-pipe with steam, which was heated In a stainless stee] superheater to 200-250". 
The resulting mixture was charged to the catalyst tube. The amount of catalyst in all experiments was 50 cc; 
the catalyst bed depth was 17 cm. 


The catalyzate was separated from the water, and, after appropriate treatment, was vacuum distilled to 
separate the light cracked products from the Cy,H3,. The Ught cracked products were always analyzed for alkyl 
styrene content by titration with bromine in glacial acetic acid solution according to Rosenmund’s method; the 


products were then distilled into fractions in a flask with a dephlegmator. The gas was analyzed in a VTI appa- 
ratus. 


Four catalysts were used: Houdry silica-alumina and three activated clays — bentonite, askangol and kaolin. 
The results are presented in Table 1. 


It ts seen from Table 1 that the most active catalyst was Houdry silica-alumina. It gave maximum con- 


version of C,,H,, and maximum gas formation. The composition of the gases in the various experiments varied 
within the following Umits; 


VoL % Vol. % 


co, 2-6 Ethy lene 

1-3 Propy leno 40-69 

co 3-8 Higher olefins > 
+ Hg 30-40 


The presence in the gas of a large amount of saturated hydrocarbons attests to the complexity of the course 
of the process, which includes hydrogen transfer and the splitting off of an isopropyl] group. 


Preliminary analysis of the catalyzates showed that they were complex mixtures of alkylstyrenes and products 
of thelr hydrogenation. 


For a more complets study of the cracked products, a part of the mixturo of the catalyzates from all exper 
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iments, 40 ce, was subjected to distillation in a column having an effectiveness of 25 theoretical plates. 


12 fractions were collected, and the Index of refraction, molecular weight, ad percentage of alkylstyrencs 
was determined for each. The results are presented in Figure 1,a. The maxima on curve b correspond to sty- 
renes, the minima to aromatic hydrocarbons with saturated side chains. 


The results of the distilation and the analyses of each fraction separately kead us to conclude that the fol- 
lowing compounds were present In the cracked products: ethylbenzene, styrene, lsopropylbenzene, @-methylsty- 


rene, clethylbenzene, ethylstyrene, and isopropylstyrene. The styrene was fsolated from the 142-148 fraction In 
the form of the dibromide (m.p. 73°). 


The primary reaction In the cracking of ethylidenedilsopropylbenzene Is cleavage at the Carom~Cethylid 
bond, which is the weakest one. Asa result, the formation of tsopropylbenzene and lsopropylstyrene would 


expected: 
+ Oey CH = CH, 


These compounds were present in the cracked products In insignificant amounts. They were subjected to further 
conversion. Thus, sopropylstyrene can be cracked according to: 


<_)>- CH=CH, + chy 
CH = CH, + C,H, 


Under the cracking conditions, lsopropylbenzene does not split off an lsopropy! group, as was indicated by the ab- 
sence of benzene in the cracked products. The formation of .a-methylstyrene might be explained by dehydrogen- 
ation of {sopropylbenzene, but experiments cartrfed out by us on the cracking of Isopropylbenzene under conditions 
analogous to those used In the cracking of ethylidenedilsopropy benzene showed that a-methylstyrene Is not 

formed. It 1s probable that the a-methylstyrene was a product of the conversion of the ethylidenedilsopropyIben- 


zene Itself; 
8 
+ CH,CH, CH(CH,), 


Cleavage of one lsopropy! group with corresponding hydrogen transfer Is a possible course of the cracking of 


(Hs, CH=CH, 


(CH) 


= CH, 1(CH,)s 


and further 
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ON THE POSSIBILITY OF SEPARATING BORON ISOTOPES 
BY CHEMICAL EXCHANGE 


G.M. Panchenkov, V.D. Moliseev and A.V. Makarov 


(Presented by Academician A.V. Topchiev, August 3, 1956) 


The separation of {sotopes by fsotope exchange reactions (the chemical exchange method) {s probably the 
most effective method for the separation of {sotopes of Ughit elements, and it has already been applied to the 
thorough separation of considerable amounts of the lsotopes of hydrogen, oxygen, nitrogen, carbon and sulfur [1-3]. 
The separation of boron fsotopes by a chemical method Is described in the present communication. 


We contemplated the isotope exchangs reaction: 
+ A-BYF, = BUF, + Q) 


where A is anfsole, CsH,OCH, and BF, a Uquid complex compound (complex) of anisole and boron trifluoride. 
We note that this complex degomposes according to the reaction [4} 


A-BF,=———— A-+ BF,. (2) 


Reaction (1) will be applicable to the separation of boron {sotopes ff {ts equilibrium constant, a, differs © 
from unity. The questicn of whether Reaction (1) will go and of the magnitude of its equilibrium constant was 
answered by us experimentally by means of a “stepwise” experiment as follows [5, 14]. A batch of antsole -boron 
uifluoride complex was divided in two, and the boron ulfluoride, which was liberated by heating one half of the 
complex, very slowly and in the forrn of fine bubbles was passed (by means of a glass filter) through the second 
half of the complex (first stage of the experiment). Aftor this, the second half, {n turn, was divided In two, and 
again the boron wifluoride, liberated from one half of the complex, was passed through the second half (second 
stage of the experiment), and so on. The experiment consisted of 9 such stages. The isotope composition, Le., 
the ratlo (B'°/B"y7,,21 for the boron trifluoride Liberated from the last portion of complex, was determined mass 
spectromeuically (5,6). According to our calculations, the coefficient of separation of the boron Isotopes S$ = 


= 78") determined from the “stepwise® experiment under conditions such that(@a—1) 
 0.01,° js given with quite sufficient accuracy by S = a*®, 


TABLE 1 
Results of Experiment No. 2 


Time t, hours 0 ’ 6.65 9.75 12 17 


Separation cooffictent, 


‘ 1.000 1.123 1.123 1.199 1.220 1.216 1.216 1,220 
Content of BY in sam- 


ple, at% 19.98 | 20.83 | 20.96 | 21.93 | 22.02 | 2217 | 22.17 | 22.22 


*Just such an order of magnitude of (a —1)} for the equilibrium constant of Reaction (1) would be expected, 


In this manner {t was shown that Isotope exchange ac- 
tually proceeds according to Reaction (1), that {ts equilibrlum 
constant fs a = 1.013 2 0.005, and that {sotope B™ Is con- 
centrated in the anlsole -boron trifluoride complex, f.e., fn 
the liquid phase. Reaction (1) Is, apparently, the first fso-. 
tope exchange reaction described in the Uterature which fs 
based on complex formation, the equilibrium constant of 
which differs appreclably from unity. 


In order to demonstrate the possibility of thorough sap- 
arauon of boron {sotopes by means of Reaction (1), we used 
a countercurrent process (5, 14) similar to the well-known 
processes for the chemical separation of the Isotopes of car- 
bon and nitrogen [3]. A flow-sheet of the apparatus used 
for the process {s shown In Figure 1. In the flow-sheet, the 
solid arrows Indicate the movement of liquid A- BF, com- 
plex, and the dashed arrows indicats the flow of gaseous BFs. 
Complex from reservoir 1 flowed down through column 3, 
which had a length of 205 cm and an internal diameter of 
2.1m. The, column was filled with glass Fenske rings; the 
diameter of the rings was 2.5 mm and the thickness 0.7 mm. 
The complex flowing from column 3. was partially decom- 
posed in furnace 4 and completely in furnace 5. The liber- 
ated boron wifluoride rose through column 3 meeting the 
stream of complex, and was absorbed by anisole in reservolr 
2. The spent anisole from furnace 5 proceeded to reservolr 
6. The A: BF, complex enriched in {sotope accumulated 
in the lower part of column 3; samples of the complex were taken perlodically, and the boron trifluoride Uber- 
ated ~— them was analyzed in a mass spectrometer, 


Fig. 2. 


” Four experiments with differing rates of feed of complex, v, to column 3 were carried out in the apparatus 
described, The results of Experiment No. 2(v = 2 ml/minute) are presented {n Table 1 and depicted graphically 
in Figure 2, 


It is seen from the data of Table 1 that equilibrium separation of isotopes was attained in 6-8 hours. As- 
suming S = 1.22 and @ = 1.013, we find that our column was equivalent to 15.5 theoretical plates, f.¢., the 
height of a theoretical plate was 13 cm. 


Analysts of the results obtained with the countercurrent apparatus shows that our proposed method for the 
separation of boron {sotopes ts completely adequate for industrial use. It unconditionally surpasses other meth- 
ods described in the Uterature for the separation of boron isotopes: separation by means of a mass spectrometer 
of high intensity [7-9] and by means of the thermal diffusion of boron tifluoride (10,13, 15]. When large amounts 
of boron wifluoride with a B® content above 90% are required, our method also surpasses the method for the sepa- 
ration of boron {sotopes by means of the distillation of boron tifluoride (12). 


This method can be used not only with the complex of boron trifluoride with anisole, but also with other 
complex compounds of boron trifluoride. 
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SYNTHESIS OF TRIALKYLBUTADIENYLSILANES 


S.I. Sadykhzade, I.V. Avgushevich and 
Associate Member of the Academy of Sciences A.D. Petrov 


The first member of this serles of silanes — tlethylbutadieny Isilane (1-tlethylsily!butadiene) — was pre- 


pared by Petrov and Sadykhzade [1] by the incomplete hydrogenation of thé corresponding it uaa 
over palladium oxide: 


CH= Si—CH = CH—CH = CH, 


It had the following constants: b.p. 74-75° at 19 mm; dg" 0.7988; nb 1.4585. _ maleic viniyitte it gave 
an addition product which melted at 132°, 


In the present Investigation, an attempt was mado to carry out the synthesls of 2-trialky lsilylbutadienes by 
the reaction of chloroprene with copper-silicon alloy under the conditions of the so-called direct synthesis. This 
attempt was unsuccessful, because before entering into the direct synthest{s reaction, the chloroprene underwent 
cyclodimerization with the formation of two compounds; 


C=CH, 
cl vv 
which were incapable of entering into direct synthesis, The synthes!s of two trlalkyIs{lylbutadienes was recently 


accomplished by Petrov and Shukovskaya [2] by the dehydration of silicon analogs of substituted tertiary alcohols, 
the synthesis being carried out according to 


CH; CH, 
> 
S sit —¢—on 
Hy 
i 
du, Gt, 


With a view to synthesizing trialkylbutadienylsilancs, it was of interest to investigate the behavior of unsaturated 
secondary alcohols toward dehydration. 


Secondary alcohols, the physical constants of which are presented in Table 1, were prepared in high yield 
by the reaction of Grignard reagents of trlalkyl-a -chloromethylsilanes with acrylaldehyde and crotonaldehyde, 


CH MgCl CH, CH—C” — CH; — CHOH — CH == CH, 
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R SICH, MgCl 4+ CH, — CH = CH — ~ R,SICH, — CHOH — CH =» CH — CH, 


Theso alcohols with the hydroxyl beta to the silicon, in contrast to the saturated alcohol, —Si-CH, -CHOH -CHy, 


studied by Whitmore [3], did not undergo B-cleavage even on distillation under atmospheric pressure, apparently 
owing to polarization of the Si-C bond as dictated by the structure of these alcohols, 


It fs interesting to note that the alcohols of Group I dehydrogenated with ttle B-cloavage, while those of 
Group Il underwent B-cleavage almost quantitatively. This distinction fs explained by an electron shift in the 
other direction, dictated by the methy! group, which leads to an Increase {n polarization and, consequently, to a 
weakening of the Si-C bond. Dehydration (with high ylelds of butadienylsilanes) of the alcohols of Group I 
gives us a new method of synthesis of 1-trialkylsilylbutadicnes. Properties of 1-tlalkylstlylbutadienes prepared 
by this method are presented in Table 1. In particular, 1-tiethylsilylbutadicne was prepared by this method, 
and its properties were quite close to the properties of this same silicohydrocarbon previously prepared by us by 
another method, as mentioned above. In addition to the monomeric tlalkylbutadicnylsilanes, we also obtained 
thelr dimers, the properties of which are nresented {n Table 1. Tho structure of these dimers was not studied. It 
{s possible that they were cyclodimers of the types: 


at 
CH CH—SIE 


si< : _ 


JN 


The nature of the dehydrating agent also had an effect on the extent of B-cleavago. Maximum B-cleavage 
was obtained in the case of sulfuric acid. The best dehydrating agent was KHSQ,. However, even with the mia- 
imum amount of KHSQ,, dehydration of alcohols of the typo RgSICH; -CHOH-CH = CH~—CHy proceeded with 
100% B-cloavage and the formation of the corresponding siloxancs and p!porylene. 


EXPERIMENTAL 


1. Direct synthes!s with chloroprene, 2.5 kg of chloroprene was passed, {n a sucam of nitrogen, over cop- 
per-silicon alloy at 420-450°. Distillation of the condensate showed that 36% of It consisted of the compounds 


Vv 


which were easily identified by means of the proporties of these compounds given in the literature, 


2. 1-Trimethylsilyl-3-buten-2-ol. To 26.4 g (1.1 mole) of Mg in 350 ml of ether was added dropwise, 
with stirring and cooling, 135 g (1.1 mole) of trlmethylchloromethylsilane, 61.6 g (1.1 mdlo) of freshly distilled 
acrylaldehyde, b.p. 51-52°, was then added dropwise to this Grignard reagent, The reaction proceeded vigorously 
with the Uberation of heat. After completion of the vigorous reaction, the contents of the flask were heated 
another three hours on a water bath, and were then poured onto ice, After neutralization with 3% HCI, the ether 
layer was separated and washed with a 3% solution of soda and with water, After drying with NagSO, and distilla- 
tion of tho ether, the reaction product was distilled under vacuum (at 24 mm): Fraction I, b.p. up to 70°, 10 g; 
Fraction II, 70-70.5°, 80 g. The residue, which distilled with decomposition, amounted to 25 g. 


Other secondary alcchols, the properties of which appoar in Table 1, wore prepared under analogous cone 
ditions with both acrylaldehyde and crotonaldehyde, 


3. 72 g of and ~0,2 g of KHSO, were {na 
flask fitted with a dophlogmator, Thé mixture was heated for an hour at 90-100°, The entire mass was then dis- 
tilled at 100-115", After separation of the liberated wator, the dehydration product was dried with NasSO,. It 


~ 
; 
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was thea distilled in s columa at atmospheric pressure: ) Fraction I, b.p. up to 98.5°, 1g; Fraction 1, 98,5-99", 
14g; Fraction If, 99-113.5°, 2g; Fraction IV, 113.5°, 22 g. The residue amounted to 8 g. 
the product of 8-cleavage, was identified in Fraction Ml. Fraction IV was the dehydration product, trimethyIbuta- 
dienylsilane, The residue was subjected to vacuum distillation at 3.5 mm. A fraction boiling at 95° — the dimer 
of timethylbutadienylsilane ~ was {solated (see Table 1); the residue was a solid, soluble, and fusible polymer, 


4. Adduct. 2g of maleic anhydride and 1.5 g of trimethylbutadieny silane were heated for 30 minutes to 
100-115°, After cooling, the mixture was poured Into a beaker of distilled water, and was then stirred for 10-15 
minutes, The crystals, which floated to the top, were washed with water, and recrystailized from acetone and 
petroleum ether (sce Table 1). 
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ALKYLATION OF BENZENE WITH ETHYLENE IN THE PRESENCE OF 
PHOSPHORIC ACIDS CONTAINING FLUORINE AND BORON TRIFLUORIDE 


Academician A.V. Topchiev and V.N. Andronoyv | 


The catalytic alkylation of aromatic hydrocarbons with olefins has been, up to the present, one of the most 
important processes for the reprocessing of aromatic hydrocarbons, Of the industrtal aromatic hydrocarbons, ben- 
zene ts usually alkylated with ethylene and propylene, 


Fig. 1. Apparatus for the alkylation of benzene with olefins, 


For some time past, a number of catalysts have been proposed for the alkylation of benzene with olefins, 
Among these catalysts, compounds of boron uifluoride with various substances have acquired special significance 


- 


Phosphoric and sulfuric acids, which are usually used in Industry for the alkylation of benzene with propyl- 
ene, do not promote the alkylation of benzene with ethylene, The alkylation of benzene with ethylene fs usually 
cartisd out in the presence of aluminum chloride [2]. Moreover, a number of catalysts based on boron tlfluoride 
have been proposed for this purposo (3, 4}. 


The authors of this article studied the alkylation of benzene with ethylene in the prescnce of molecular 
_ compounds of boron trifluoride with orthophosphoric, monofluoroptiosphoric, and difluorophosphoric acids, The 
‘pre paration of these catalysts has been previously described by the authors (5). 


The alkylation of benzene with ethylone was carried out in the apparatus shown fn Figure 1, 


Ethylene from container A was fed at a rate of 2 Uters por hour through calcium chloride column B into 
reactor D, The gas rate was measured by means of flow meter C, Mixing of the benzono with the catalyst was 
carried out in reactor D with a mechanical stirrer rotading at a rate of about 1000 rpm, The unreacted gas was 
passed through condenser F and trap E, and was collected in container Ay. | 


" The benzene used in the alkylation had a bofling range of 79.5-80.5°, a density of df® = 0.8721, and an in- 
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TABLE 1 
Alkylation of Benzene with Ethylene In the Presence of a Series of Catalysts 


Ethylene Alkylate, Fractional composition of alkylate, wt. % 
Catalyst conversion,| g 90-134° | 134-138" | 138-178.) 178-184° | Residue 


HyPO,° 52.3 58 4.1 17.9 17.4 
HPO,F, 0.5BF, 66.0 60 3.7 16.0 : 9.2 
HyPOSF BFy 95.5 87 3.0 15.6 8.2 


TABLE 2 
Basic Properties of the Ethylbenzene Fraction 


Ethylbenzene | Pure ethyl- 
fraction benzene 


Boiling point, °C 134-138 136.10 
Density 0.8671 0.8679 
Index of refraction (n}$) 1.4961 1.4959 
Molecular weight 105.5 106.16 

Bromine number 0 


dex of refraction of nis = 1.4992, The benzene was dried over metallic sodium. 


40 ml of catalyst, 156 g of benzene, and 22 liters of ethylene wero used for each experlment, The ethyl- 
ene was fed to the reactor at a rate of 2 Uters per hour. The experiments were carried out at room temperature. 


The results of the experiments on the alkylation of benzene with ethylene In the presence of molecular 


compounds of boron trifluoride with phosphoric, monofluorophosphoric, and ass acids are presented 
in Table 1. 


Ethylene conversion was complete at the beginning of the exper{ments with all of the catalysts studied. 
Ethylene conversion gradually decreased with increasing time on the catalysts. An especially sharp decrease in 
ethylene conversion was observed in experiments carried out in the presence of the molecular compound of or- 
thophosphoric acid with boron trifluoride, 


It is apparent from the data of Table 1 that the major reaction ian of the athytaiton of benzene with 
ethylene was ethylbenzene. The best alkylate yleld was obtained using monofluorophosphoric acid saturated with 
boron trifluoride as the catalyst. Alkylate yleld was lower in the presence of the molecular compound of difluoro- 
phosphoric acid with boron trifluoride, apparently as a consequence of the fact that this acid adds less boron ul- 
fluoride than does monofluorophosphoric acid. 


With an Increase in the alkylate yield and, consequently, catalyst activity, the amount of monoalkylate 
fraction decreased somewhat. This decrease in the amount of monoalkylite is explained by the Increase in 
ethylene conversion,which, all told, led to a decrease in the molar ratio of benzene to ethylene. 


The basic properties of the ethylbenzene fraction eine by us, together with properties for pure ethylben- 
zene, are presented In Table 2, 


It ts seen from Table 2 that quite pure ethylbenzene, not containing unsaturated compounds as impurities, 


{s obtained by the alkylation of benzene with ethylene in the presonce of the sories of — acids contain- 
ing fworine and boron tifluoride, 


The authors of this article constructed an apparatus for the evaluation of the catalytic activity of the sories 
of phosphoric acids containing fluorine and boron trifluoride in the alkylation of benzene with ethylene. Tho ace 
tivity of the catalysts was determined from the change in thé rate of reaction of benzene with ethylene with a 
change in catalyst composition. The ‘apparatus recalls the apparatus for the determination of hydrogon number. . 
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A diagram of the apparatus Is presented In Fig- 
ure 2, 10 ml of benzene and 5 ml of catalyst were 
charged to the usual “duck” for the determination of 
hydrogen number (A). The 100-m! buret was then 
filled with ethylene from vessel B, for which reason 
the buret was connected by means of one three-way 
stopcock to vessel! B and by means of the other toa 
rubber tube which discharged the water {nto the drain 
(stopcocks 1 and 2 in position I). The three-way stop- 
cocks 1 and 2 were then reversed to position I, and 
pressure was built up In the buret by means of the 


| water bottle, which was sct up at a height of 1.5 moters 


from the lower level of the buret. Air was purged 
from the apparatus by passing several burets of ethyl- 
eno through the “duck,” the ethylene first passing 


Pig. 2. Apparatus for the determination of ethyl- through calclum chloride in tube C. After purging the 
ene conversion in the alkylation of benzene with atr from the apparatus, the buret was again filled with 
ethy lone. ethylene, and, with the cock on the “duck” closed, the 


buret was oponed through the three-way stopcocks to 
the “duck” and to the water bottle, by means of which 
& pressure of approximately 100 mm Hg was main- 
tained inf the buret. The eloctric motor of the rocker 
was then switched on, and absorption of ethylene by 
the benzene was noted at 2-minute {nteorvals. 


ml 


The results of the experiments on the determina- 
tion of ethylene conversion {fn the alkylation of ben- 
zene with ethylene In the presence of molecular coms 


2 min. pounds of boron tifluotive with orthophosphoric, mono- 
fluorophosphoric and difluorophosphoric acids are pre 
Fig. 3. Conversion of ethylene during alkylation sented In Figure 3. 


of benzene with ethylene In the presence of tho 
Catalysts: 1) H,PO,F+BFy; 2) HPO,F,+0.5BF,; 3) 
H,PO,* 


From Figure 3 it Is seen that in the experiment 
carried out with orthophosphoric acid activated with 
boron tlfluoride 21 ml of ethylene entcred into the 
reaction over a period of 10 minutes, while fn tho 
presence of monofluorophosphoric and difluorophosphoric acids saturated with boron uffluoride 56 and 50 ml, re- 
spectively, of ethylene reactod over this same time Interval. 


The results of the exper{ments on the alkylation of benzene with ethylene and on tho detormination of the 
rate of reaction of benzone with ethylene in the presence of the serles of phosphoric acids containing fluorine and 
boron trifluoride indicate that, of the acids studied, the most active catalyst for the alkylation of benzene with 
ethylene {s monofluorophosphoric acid saturated with boron fluoride, The catalysts studied by us for tho alkyla- 
don of benzene with ethylene can be arranged in tho following order of decreasing catalydc activity: 


H,PO,F > HPO,F* 0.5BF, > HyPO,* 
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INITIAL STAGES IN THE SYNTHESIS OF TETRACYCLINES 


Associate Member of the Academy of Sciences. USSR M.M. Shemyakin, 


M.N. Kolosov, M.G. Karapetyan and E.S. Chaman 


Antibiotics of the tetracycline group — tetracycline (Ia) (1, 2), terramycin (Ib) (3), aurcomycin (Ic) (2, 4, 5), 
and bromotetracycline (Id) (6) ~ are of considerable interest and have attracted the attention of investigators 
owing to their high antim{crobal activity and low toxicity. 


However, in spite of a large amount of work, not only has 
the synthesis of their specific ring not been accomplished, up to 
the present Ume, but methods for the preparation of simpler sub- 

Ia .R'ont=H stances having the :characteristics of the tetracycline grouping 
Tb :R'sH, ROH have not been developed. During a consideration of possible 
_ toutes of synthesis of tetracyclines, the prospective routes 

‘ . peared to be those Jn which the required substituents and func- 
tional groups are Introduced into the molecule gradually as the 
hydronaphthacene skeleton Is built up. Moreover, destrable 

to form ring D when the tricyclic system ABC having the same steric structure as the corresponding part of the 
ticycline molecules has already been prepared. 


In this connection, we undertook the synthesis of tricyclic compounds of the type of (IV), which possess an 
A and B ring structure similar to the tetracyclincs and which have in ring C a grouping such that the formation of 
ring D can be accomplished later. The route selected by us for the synthes{s of such compounds consisted of the 
condensation of 1,4-naphthoquinonces with butadiene or {ts derivatives and subsequent conversion of the resulting 
diketones (II) to compounds of the type of (1V) by selective reaction of one of the carbonyl! groups with CH,Mgl. 
The first stage of the synthesis (the diene condensation) proceeded with high yiclds when naphthoquinones were 
heated with excess diene at 100°. Thus, by heating naphthoquinone with 2-methoxybutadlene tn alcohol for 4 
hours compound (IIb) was formed with a yield of 88%[m.p. 143-144° (from benzene); found %, C 74.08, H 5.93; 
calculated for CygHy.O,, % C 74,36, H 5.82}; by heating S-methoxynaphthoquinone for 1.5 hours with an alco- 
holic solution of butadiene the addition product (IIc) was formed with a yield of 91% [m.p. 92-93° (from alcohol); 
Amax (in alcohol) 229, 336 my (log € 4.41; 3.73); found, % C 74.49, H 5.89; calculated for Cyst40;, % C 
74.36, H 5,82); and, under similar conditions, diketone (IId), which existed in two crystalline modifications (a 
and B),* was formed in 91% yleld from 5-acetoxynaphthoquinone and butadiene [a-form, m.p. 113.5-114.5° 
(from alcohol); found, C 71.50, H 5.11; calculated for % C 71.10, H §.22; B-form, m.p. 135.5 
136,5° (from alcohol); A, gy (in alcohol) 223, 245, 307 my (log ¢ 4.44, 3.91, 3.37); found, % C 71.29, H 5.20). 
It was necessary to carry out the condensation of 5-methoxynaphthoquinone with 2-methoxybutadiene in absolute 
ae in an atmosphere of CO, (100°, 12 hours), The resulting mixture of {someric addition products (yleld 

94%) was resolved by fractional crystallization from benzene. Ono of the fsomers, (Ie), was obtained in 65% 

yleld [m.p. 144-145° (from benzene); Amax ({n alcohol) 227, 338 my (log € 4.32, 3.70); found, %, C 70.72, 
H 6.13; calculated for CygH,sQ,, % C 70.57, H 6.92]; and the second fsomer, (If), was obtained in 15% ylold 
(m.p. 141-143° (from benzene); Ap,4y (in alcohol) 227, 338 my (log € 4.33, 3.72); found, % C 70.59, H 5.87}. 


The structures of the addition products (Ile) and (Iif) were established by oxidation with O, in alcoholic al- 


*The a -form was metastablo; it readily changed to the stable B-form in the melt of in solution, 
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Da 

Tb. 

R=OCHy. 

Ud 2-0ac. 

R=R'*OCH,. 


Dla RH 
IIb 
IIIc 
ROH 


kal solution to the dimethoxyanthraquinones 
(Ula) (m.p. 192.2-192.6°) and (IIb) (m.p. 189.5- 
189.9°), which were then hydrolyzed with 78% 
H,SO, (160°, 30 minutes) to the dihydroxyan- 
thraquinones (IIc) (m.p. 293-294") and (ILd) 
(m.p. 281.5-282.5°), characterized as the di- 
acetyl derivatives (Ile) (m.p. 197-198") and 
(IIL) (m.p. 204-205") (cf. [7).* 


The realization of the second stage of 
the synthesis, f.e., the selective conversion of 


the keto group In the 10-position to a tertiary 
methylcarbinol grouping, encountered a num=- 
ber of difficultics owing to the presence In the 
molecule of two reactive carbonyl groups and 
to the tendency of addition products of the 
type of (LI) to isomerize to derivatives of di- 
hydroanthrahydroquinone under the influence 
of enolizing agents. 


oho. OH 


Via 

R=OCH,.R'*H VDD 

Vic 


Ms In view of this, the reaction was carried 


out by adding an ethereal solution of methyl- 
magnesium fodide to a cold benzene solution 
of addition product (II). Under theso optimum 
conditions, diketone (Ila) (for its preparation 
see [9]) was converted to ketol (IVa) with a 
yield of 70% [m.p. 135-137° (from alcohol); 
Amax (in alcohol) 248, 291 my (log € 3.95, 
328); found, C 79.24%, H 6.76%, H5¢, 1.07; 

Calculated for 78.90%, H 7.07%, 1.0079; adduct (IIc) gave ketol (IVb) with a yleld of 12%{m, 
p. 194-196* (from 50% alcohol); App3x (in alcohol) 256, 317 my (log € 3.86, 3.68); found, C 74.35%, H 7.11%, 
Hycz 1.05; calculated for CygHy303, C 74.39%, H 7.02%, Hac, 1.00]; and from compound (Ile) was obtained a 
mixture of two isomeric ketols (IVc) and (V); (IVc) crystallized first [yield 12% m.p. 191-193" (from benzeno); 
found, C 71.09% H 6.78%, Ha; 0.95; calculated for CyzHz.O,, C 70.82%, H 6.99%, Hac_ 1.00]; and isomer (V) 
then crystallized [yield 49% m.p. 137.5-138.5° (from alcohol); found C 71.14%, H 7.05%, Hacz 1.01).°* 


CH, 


Ret, 2°CH:CH 
1Xb:R=OCH,,. 2°CH:CH 
1Xc:R*H. 2*CH,CO 


Vila 2-CH:CH 

r*0CH,. 2°CH'CH 
Vig R°OCH,. 2°CH,CO 
2°CH,CH, 


For the determination of the position of the methylcarbinol group, the ketols (IVb), (1Vc) and (V) were con- 
verted to the 1,9- and 1,10-hydroxymethoxyhydroanthracenes (VIIb), (VIc) and (VIII) (sce below for reaction 
conditions). During an investigation of the infrared spectra of compound (VIlIc) and the dihydro derivative (VIId) 
obtained from (Vb), there was observed (10) a diffusion and shifting of the OH band characteristic of compounds 
with an intramolecular hydrogen bond —Q(CH;). . . .HO— (such as 1,8-hydroxymethoxynaphthalene, etc.), and, 
therefore, the structure of derivatives of 1,9-hydroxymethoxyhydroanthracene was assigned to these substances; 
the frequency of the OH band of compound (VIII) corresponded fully to the OH frequency of 1,5-hydroxymethoxy- 
naphthalene. It must be remarked that the almost complete identity of the ultraviolet spectra of compounds (VIIb) 
and its dihydro derivative ( VIId) (see below for spectra) indicates that the double bond in (VIIb) was not conjugated 
with the aromatic system, and, consequently, none of the transformations of type (1) addition products were ac- 

’ companied by migration of the double bond from the 6,7-position, 


Turhing to the reaction of addition products (1) with methylmagnesium fodide, it should be noted that, 
with a considerable excess of CHsMgl and the reverse order of mixing of the reagents, f.e., with the addition of 
the addition product to the organomagnesium compound, the main reaction products were glycols of type (VI). 
For example, from addition product (Ia) was obtained glycol (VIa), which was then dehydrogenated to dimethy!- 


*V.Ya. Rodionov took part in this part of the investigation. 
**In all of these cases, along with ketols (IV) and (V), the corresponding dihydroanthraquinones, formed as a 


result of isomerization and subsequent oxidation of the original addition products (II) were obtained in small 
amounts, 
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dihydroanthracene (IXa) (m.p. 166-167° (from benzene); A,,3, (in alcchol) 238, 260, 285, 297 my (log ¢ 4.178; 
3.53, 3.76, 3.80); found, %, C 92.52, H 7.63; calculated for CygHy,, % C 92.25, H 7.75]; glycol (VIb) was ob- 
tained from addition product (IIb) with a yleld of 40%(m.p. 171-172° (from methanol); found, % C 74.50, H 
8.12; calculated for CyyHx,03, % C 74.42, H 8.08]; and diketone (IIc) was converted, with 49% yleld, to glycol 
(Vic) [m.p. 139-140° (from 50% alcohol); A,.,,, (in alcohol) 272, 279 my (log € 3.22, 3.22); found, C 74.30% 
H 8.12%, Hacy 1.89; calculated for C 74.42%, H 8.08% 2.00. 


In contrast to diketoncs (II), ketols (IV) and (V) and also glycols (VI) were completely stable toward alka- 
Hes. This shows unconditionally that they have the most stable, f.e., trans, union of rings B and C (compare the 
behavior of cis- and trans-decalones [11]. Consequently, epimerization of one of the asymmetric centers (Cgg 
or Cyo3) occurs during the formation of these ketols from addition products (II), since the original addition prod- 
ucts, according to Aldcr's rule, must have a cis-configuration. As tcgards the third asymmettic center (C4,), its 
configuration can be established on the basis of the principle of “steric conuol of asymmetric Induction” [12], 
according to which the methy! group at Cy) must be In the cls-position to the hydrogen atom at Cy)3. Thus, 
ketols of type (IV) obviously have the steric structure (X), which corresponds fully to the configuration of the nat 
ural tetracycline antibiotics (I) (3,4). This ts confirmed by the fact that ketols of type (IV) undergo acid dehy- 
dration under the same conditions and with the same ease (sce below) as the tetracyclines (I); since the ease of 
these transformations is determined by the mutual steric distribution of the groups which are split off, the uniform 
behavior of ketols (IV) and tetracyclines (I) undoubtedly attests to the identical configurationof the corresponding 
parts of their molecules, 


Being stable toward alkalies, ketols (IV) and (V) and also glycols (VI) are very sensitive to the action of 
acid agents, On pete. these compounds with concentrated aqueous-alcoholic HCI (60°, 20-30 minutes), de- 
hydration, accompanied by aromatization of zing B, proceeds, which results in the 
formation of derivatives of di- and tetrahydroanthracene, Thus, ketol (IVa) is de- 
4,C OH hydrated to dihydroanthrol (Vila) {yleld 837% m.p. 117-119° (from petroleum ether); 
found, C 85.43% H 6.85% 1.09; calculated for C 85.68% H 6.66%, 
Hact 1.00. Acetate, m.p. 153-156° (from alcohol); found, %, C 81.16, H 6.37; cal- 
culatdd for Cy7Hy,0, %, C 80.93, H 6.39. Methyl ether, m.p, 97-99° (from alcohol), 
Amax (in alcohol) 236, 288, 297 my (log € 4.65, 3.75, 3.79); found, % C 85.64, 
H 7.16; calculated for CygH 0, %, C 85.66, H 7.26].. Ketol (IVb) behaved similarly, bos 
converted to dihydroanthrol (VIIb) (yield 96%, m.p. 115-116" (from heptane), 
Amax (in alcohol) 241, 311, 324, 339 my (log € 4.60, 3.88, 3.91, 3.93); found C 
80.20%, H 6.68%, 0.96; calculated for CygH C 79.97%, H 6.717% Hycz 1.00. Dehydro derivative (VId), 
m.p. 107.5-108° (from alcohol); Aggy (in alcohol) 237, 312, 324, 339 my (log € 4.55, 3.86, 3.89, 3.90); found, 
C 79.33%, H 7.55%, 0.97; calculated for CygH,,O,, C 19.30%, H 7.49%, Hact 1.00). Similarly to ketols (IV), 
“hits (VIc) dehydrated readily, forming dihydroanthracene (1Xb) [yleld 90%, m.p. 115-115.5° (from benzene), 
Amax (in alcohol) 241, 296, 306, 319, 333 my (log € 4.59, 3.85, 3.92, 3.78, 3.49); found, ad C 85.21, H 7.66; 
calculated for CyH,,0, %, C 85.68, H 7.61). 


Those ketols and glycols which were ethers of enols (compounds IVc, V and VIb), on heating with HC] un- 
der the conditions indicated above, were simultancous!y dehydrated and hydrolyzed, forming the corresponding 
ketones of the tetrahydroanthraceno series, Thus, ketol (IVc) was converted to ketotetrahydroanthrol (Vilc)[yleld 
. 15%, m.p. 136-137° (from alcohol); found, %, C 74.87, H 6.32; calculated for CygH,,O3, % C 74.99, H 6.28} 
ketol (V) formed the ketotetrahydroanthrol (VIII) isometic to compound (Vic) [yield 90%, m.p, 170-173° (from 
alcohol); found C 75.30%, H 6.19% H5,, 1.02); and from glycol (VIb) was obtained the kctotetrahydroanthra- 
cene (IXc) [yield 94%, m.p. 120- “121° (from benzene)). 


However, under milder conditions (agitation of an ethereal solution of the substance with 1-2% HCI at 1204 
it was possible to selectively hydrolyze the methoxy! group of ring C without affecting the tertiary hydroxyls of 
ting B; for example, from glycol (VIb), atong with a small amount (10-12%) of the tetrahydroanthracene ketone 
(IXc), there was formed 2-keto-9,10-dihydroxy -9,10-dime thyl-1,2,3,4,4a,9,9a,10-octahydroanthracene [yield 
53%, m.p. 135-136" (from benzene); found, C 13.86%, H 8.01%, 2.06; calculated for C 73.82%, 
H 1.73%, 2.00). 


Thus, the synthes!s route developed by us permits tricyclic ketols of type (IV) to be prepared from readily 
accessible 1,4-naphthoquinones, the ketols having the same ster{c structure as the natural tetracycline antibiotics, 
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The presence In the C ring of those ketols of a reactive double bond or carbony! group creates the potential pos- 
sibility of further introduction of subsutuents with subsequent bullding up of the fourth ring of tetracyclines, 
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SAPONIFICATION AND TRANSESTERIFICATION OF COMPLETE 
ESTERS OF PHOSPHOROUS ACID 


Academician A. E. Arbuzov and M. G. Imaev 


It has been shown by one of us [1} that the action of acidiffed water on complete esters of phosphorous 
acid of the type P(OR); Is a typical catalytic reaction, 


We studied the saponification of trimethyl, trfethyl, tri-n-propyl, trl-n-butyl, and triphenyl phosphites 
by pure water, It was found that all of these esters are readily sapontffed by pure water with the liberation 
of heat, 


The pure water was prepared by redist{llation of ordinary distilled water, and had an electrical conductt- 
vity (at 25°) of 2.2°10-* 
The saponification reactlon was {rreversible, and did not depend on the masses of reacting substances, 


We also studied (by a dilatometric method) the rate of saponification of the esters by pure water in 
equimolar amounts, 


The rate of saponification depends, first of all, on the size of the radical {n the ester. Thus, trimethyl] 
phosphite saponified 10 times faster than triethyl phosphite, 30 times faster than tripheny! phosphite, 90 times 
faster than tl-n-propyl phosphite, and 200 times faster than tr{-n-butyl phosphite, the reaction conditions 
being the same in each case, 


The trialkyl phosphites can be arranged {n the following order with respect to sapontfication rate: 
P(OCH;); > PKOC,Hs); > > > 


The difficult saponification of ul-n-propyl and tri-n-buty! phosphites {n compartson with tripheny] 
Piosphite appears espectally Interesting, The results are presented {n Table 1, . 


TABLE 1 
Sapontfication time, min 
O% of 15% of 110 of 
ester 
CH,0),P + H,0! 8—9 10 61 
+ 6875} si—s82| 90| 240 
n-C,H,0),P + 750—810} 840—850} 870] 4110 
n-C,H,0),P + H,O 2010 2110 | 2140 | 2400 
C,H,0),P + H,O 245 285 | ~365 


The sapontfication rate also depends on the reaction temperature, The effect of temperature on the 
saponification rate was the usual effect exhibited by the majority of chemical reactions, 
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We studied the effect of one of the reaction products on the rate of sapontfication of the esters using 
trlethyl phosphite. To the orlginal reaction mixture of equimolar amounts of phosphite and water were added 
differing amounts of diethylphosphorous acid before the beginning of the experiments. All experiments were 
carried out at & temperature of 25°, The composition of the original mixture was (C,H,O),P + H,O¢ . 
x(C,},0),POH, 

The results are presented in Table 2. As may be seen from Table 2, the addition of diethylphosphorous 
acid to the original mixture accelerates the course of the reaction, 


The saponification of P(OR), esters, with the ex- 


ception of tiphenyl phosphite, fs strongly suppressed 
in the presence of small amounts of {norgantic or ore 
Saponification thme, min__ ganic bases, as may be seen from Table 3, The sap- 
onification of ulmethyl phosphite in the presence of 
| t | 1,9°104 moles of sodium hydroxide was 7-8 times 
| slower, that of triethyl phosphite in the presence of 
0.000} 68-75 | 81—82] 90 | 240 2.0°10° moles was 2 times slower, that of tri-n-butyl 
5 phosphite in the presence of 2,1 ° moles was 
0.200 | rae ae - if 3 times slower, and that of triethyl phosphite fn the 
presence of 0,1 moles of pyridine was 14 times 


slower, 


TABLE $3 


Amount of base (in _Sapontfication time, min 


Reaction moles per mole of 257 of the50% of 


(CH,0),P + H 


(C,H,0)3P + H,0 240—250] 250—255 
(n-C,H,O),P + H,O “4-40-*NaOH | 50 | 150—170| 170-173] 180 220 


Thus, the rate of saponfficatlon decreased with an increase {n the concentration of base, Such suppres=- 
ston of the reaction {s explained by the removal from the reaction mixture of the catalyst for the reactloa = 
free dialkylphosphorous acid — which ts removed in the form of the salt of the organic base or as the salt 

of the monoalkylphosphorous acid and the {norganic base, 


We also studied the sapontfication of trlalkyl phosphites in pyridine, acetone, dioxane, and alcohol 
media, Of these solvents, only dioxane was substantially {nert, 


The pyridine and acetone reacted with the reaction product, giving, respectively, the salt of the di- 
alkylphosphorous acid with pyridine and an ester of the a-hydroxyalkylphosphontc acid with acetone, and, 
therefore, the rate of saponification of the esters in these media was correspondingly decreased, Thus, for 
example, the saponification of urlethyl phosphite {n the presence of 0,2 moles of acetone was 21 times slower, 


We also studied (by a refractometric method) the rate of saponification of triethyl and ew 
phosphites in dioxane medium, 


Kinetic analys{s of thelr saponification in dioxane medium showed that this reaction ts complex and 


cannot be expressed by efther a first order equation, a 


dt 
dx 
= = kx (a—x). 


= k(a—x), or the equation for autocatalytic reactions 


| 0 | 450 | 840 
+ H,0 2:0-40-*NaOH | 25 | 139 156 183 437. 
| (GH,O),P + H,0 8.5-10-*NaOH | 25 | 455 185 230 470 
| C1H,0),P -+ H,0 4.0-10-*NaOH | 25 | 450 490. | 515 680 
| 
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The rate constants for the saponification of trlethyl phosphite {n 1.5 and 3 moles of dioxane and for uf- 
n-propyl phosphite In 4 moles of dioxane were calculated by the equation for a second order reaction 


=. Ka —x)® over the considerable time Interval where they were constant, At the beginning and end of the 


Ractern, deviations of the rate constants were observed, 


The saponification of wlalkyl phosphites without a solvent proceeds {n a heterogeneous system. There- 
fore, kinetic analysis of this reaction did not yfleld any definite results, 


During the saponification of tlalkyl phosphites {n alcohols, the reaction proceeded rapidly and with con- 
siderable evolution of heat, However, not every alcohol could be used as the solvent, since when an alcohol 
having different radicals from the radical of the phosphite was used, the saponification was always accompan- 
fed by a side reaction — transesterffication. 


B, A. Arbuzov and V. S. Vinogradova (2) first obtained a serles of trialkyl phosphites with identical higher 
radicals by transesterification of triethyl phosphite with higher alcohols in the presence of a catalyst — phos- 
phoric acid, 


Dialkylphosphorous acids and alcoholates of the alkalf metals are catalysts for the transesterffication of 
trialkyl phosphites with higher alcohols. 


The synthes{s of mixed phosphites of the type (RO),(R’O)P and (ROXR'O), P was carrled out by partial 
transestertfication of the phosphite ROR), with, respectively, one and two moles of higher alcohols per mole 
of phosphite in the presence of one of the two catalysts mentioned above, 


Mixed phosphites were obtained in good yfeld by a first fractionation (Table 4, No, 1) under high vacuum, 


Redistillations resulted {n redistribution of the radicals. Phosphites with three different alfphatic radicals 
(Table 4, Nos. 3 and 4: (RO) (R'O)(R"O) P), prepared by partial transesterification of the mixed phosphite 
(RO), (R’O) P with alcohols, disproportionated particularly easily. 


The physical constants of the esters synthesized by us for the first time are presented in Table 4, 


Mixed phosphites of the type (RO), (R’O) P were readily saponiffed by slightly acidifled water, forming 
the corresponding alcohols and mixed dialkylphosphorous acids, During the saponffication, the lightest 
radical always split off in the form of the alcohol. Here, too, disproportionation was observed during redis- 
tillations.. The physical constants of some of a number of dialky!phosphorous acids prepared for the first time 
by this method are presented tn Table 5, 


Mixed dialkyl phosphorous acids have been prepared by a number of {investigators by transesterification 
of diethyl phosphite with higher alcohols in the absence of any catalyst (3) and with catalysts — alcoholates 
of the alkall metals [4] or catalysts having an acid nature (2), 
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POLYMERIZATION OF STYRENE UNDER THE INFLUENCE 
OF DIAZOAMINO COMPOUNDS AND ACTIVATORS 


P. A. Vinogradov 
(Presented by Academicfan A, N, Frumkin, September 14, 1956) 


The mass polymerization of unsaturated compounds under the influence of initiators (peroxides, dia- 
zoamtno compounds) proceeds at a considerably lower rate than in aqueous emulstons. Therefore, mass poly- 
merization {s carried out at a higher temperature [1]. One of the factors determining the polymerization 
_ fate fs the rate of decomposition of the tnitfator [2]. 


In the present communication are reported data on the effect of organic acids and thelr anhydrides on 
the rate of mass polymerization of styrene with dlazoamino compounds and on the effect of these compounds 
on the rate of decomposition of the {nitfator, 


The polymerization of styrene was carrled out {n ampoules of 10-12 ml volume at a temperature of 
70 4 0.2°. Diazoaminobenzene (2 wt. %) and varying amounts of organic acids and thelr anhydrides were 
introduced {nto the styrene before the experiment, The content of polymer {n samples of the potymerization 
mixture, taken at different stages of the process, was determined from the residue remaining after removal 
of the free styrene, a correction being {ntroduced for the content of impurities in the polystyrene, In the 
kinetic experiments, {n addition to the yleld of polymer, dlazoam{nobenzene and nitrogen were determined, 
the latter corresponding to the diazoam{inobenzene decomposed, 


EXPERIMENTAL DATA 


Results of the investigation, presented {n Figure 1, show that organte acids considerably accelerate the 
mass polymer{zation of styrene under the Influence of dlazoaminobenzene, The abllity of organic acids to 
accelerate the polymerization reaction {s, {n the present case, a general property inherent {n all acids which 
are soluble {n hydrocarbons, The acids investigated can be arranged In the following serfes with respect to 
thelr activity: monochloroacetic, formic, acetic, benzolc, butyric, olefc, The anhydrides of hydrocarbone - 
soluble acfds also accelerate the polymerization of styrene. An analogous effect of organic acids and thelr 
anhydrides on the polymerization of styrene was observed {n the presence of 0,0°-dimethyldlazoam{noben- 
zene and p,p*-dimethyldlazoaminobenzene, 


The dependence of the rate of polymerization and of decomposition of the dlazoam{nobenzene on 
reaction time fs shown {n Figure 2, in which, by way of example, are plotted the data obtained {n the pres- 
ence of monochloroacetic acid, On constderation of the results, attention {s attracted to the fact that conver- 

sion of the diazoaminobenzene takes place both with and without the I{beration of nitrogen under the condi- 
~ thons used and In the presence of organic acids, At the same time, there fs complete conformity between 
the polymerization curves and the curves showing the decomposition of the dlazoaminobenzene, A study of 
the polymerization kinetics and the kinetics of the decomposition of diazoaminobenzene established a de- 
pendence of the rates of polymerization and decomposition on the strength of the acid, 


The accelerating effect of organic acids on the polymerization of styrene in the presence of diazoamin- 
obenzene is accompanted by their effect on the molecular welght of the polymer, Average molecular weights 
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Fig. 1. Effect of acids on polymerization rate: 1) monochloro- 
acetic; 2) formic; 3) acetic; 4) benzoic; 5) butyric; 6) oleic. 


8 


% 
10 


2 


& 


Va 


8 


8 


8 


< 
a 
— 
° 
= 
E 
° 
= 
a 
3 
z 
E 
a 


Decomposition of DAB, % 


04 a3 
Acid concentration, wt. % 


Fig. 2, Rate of polymerization and of Fig. 3. Composition of products froin the decom- 
decomposition of dlazoam{nobenzenes position of dlazoaminobenzene: 1) overall de- 

1) polymer yleld; 2) total decomposi- composition; 2) antline; 3) nitrogen; 4) aminoazo- 
thon; 3) decomposition to nitrogen, benzene, ee 


of samples of polystyrene obtained by the polymertzation of styrene in the presence of 2% diazoamtnobenzene 
and organic acids (in optimum amounts) weres 


Original activator 106,900 
Monochloroacetic 17,000 
Farmic 17,800 
Acetic © 25,300 
Benzolc 25,800 
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An Investigation of the composition of the products of the decomposition of dlazoam{nobenzene In xylene 
solution at a temperature of 70° and under the influence of organic acids developed the following regularities 
in the decompositicn (see Figure 3): 1) the rate of the decomposition of diazoam{nobenzene was proportional 
to the sclu concentration; 2) the rate of the rearrangement cf diazoaminobenzene to am{noazobenzene was 
proportional to the acid concentration; 3) aniline and nitrogen were formed in practically equivalent amount, 
and thelr formation proceeded along a curve having a maximum, If it ts assumed that the rearrangement of 
dizzoaminobenzene to aminoazobenzene fs not related to the Initiation of the polymerization process, then, 
apparently, the polymerization rate {s determined by the rate of the decomposition of diazoaminobenzene to 
yleld aniline and nitrogen, In all probabtlity, this also determines the differences in the activity of the acids 
in the polymerization process, On the basts of the data obtained, {t can be remarked that the discrepancy be- 
tween the overall decomposition of diazoaminobenzene and its decomposition to nitrogen, which was observed 
during the polyme:{zation process, {s explained by the formation of am{noazobenzene, It was shown that these 
compounds have an effect on the polymerization rate of styrene {n the presence. of diazoaminobenzene and 
organic acids (see Figure 4), This effect was different depending on the nature #f the substance investigated; 
for example, {t is seen from our data thet aniline had the sharpest effect on the déctease in polymerization 
rate, Determination of the molecular wefght of the samples of polystyrene established that anfline had no 
effect on the length of the molecular chain, but am{noazobenzene had a sharp effect on the decrease in mo- 
lecular wefght, 


The effect of organic acids on polymerization rate 1s based, apparently, on acceleration of the decom- 
position of diazoamino compounds accompanied by the formation of intermedlate compounds — nitrosoacylaryl 
amines. For example, under the influence of acetic acid, diazoaminobenzene can decompose with the far- 

. Matioa of nitrosoacetanilides 
NO 


C,H,N= N — NH — + CH,COOH =* C,H,N + 


COCH, 


The latter, befng an unstable compound, decomposes 
with the formation of free radicals which Initiate the 
polymerization reaction 


SN 


C,H,N C.Hy -f N; CH,COO’, 


COCH, Q5 20 10 wt.% 
C,H, -+CH=CH, ete, Concentratlon 
H H Fig. 4. Effect of decomposition products on polymer= 
izationrate; 1)anfline; 2) am{noazobenzene. 
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An investigation of the polymerization of styrene {n the presence of nitrosoacetanilide at a temperature of 
70° showed that the polymerization proceeds comparatively slowly and, evidently, under the effect of pro- 
ducts of the fsomerfzation and decomposition of the nitrosoacetanilides 
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In addition, the nitroasoacetantlide decomposed practically completely {n the course of heating for 10-15 min- 
utes. In this case, the decomposition of nitrosoacetanilide was not used to bring about polymerization, Ob- 
viously, in those cases where conditions are established which cause a gradual formation of nitrosoacetanilide, 
as, for example, when dlazoaml{nobdenzene and acetic acid are both present, the polymerization process fs 
accelerated to a considerable degree under the Influence of the nitrosoacetantilide at the instant of {ts decom- 
position, It fs well known that dlazoamino compounds are formed by the reaction of nitrosoacylarylamines 
with aniline. We synthesized diazoaminobdenzene In quite high yleld (about 90%) from nitrosoacetanilide 

and antline in solution {n benzene or styrene at varfous temperatures, Acetic acid was formed s{multaneous- 
ly with dlazoaminobenzene during the reaction, It fs Interesting to note that when a 2% solution of dlazoame 
inobenzene was formed, the acetic acid IMberated comprised only 0.6%. It was established that acetic acid 

in such concentration accelerates the dlazoam{nobenzene-initlated polymerization of styrene, A compart 
son of the polymerization rate of styrene initiated by diazoam{nobenzene synthesized during the reaction of 
nitrosoacetanilide with aniline in styrene solution with subsequent polymerization of the latter showed that 
the kinetics of the polymerization, both with respect to reaction rate and with respect to decomposition of 
the Initiator, were similar to the kinetics of the polymerization of styrene {n experiments carrled out with 

the corresponding concentration of dlazoaminobenzene and acetic acid, 
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INVESTIGATION OF THE ROLE OF SURFACE CHAINS IN THE 


SYNTHESIS OF HYDROCARBONS FROM CO AND H, 


O. A. Golovina, E. S. Dokukina, 
Associate Member of the Academy of Sclences USSR §. Z. Roginsky, 
M. M. Sakharov and Ya, T. Efdus 


It has been shown by Kummer and Emmett [1] and by us (2) that in the synthests of hydrocarbons from 
CO and Hy over fron and cobalt catalysts with tagged alcohols added to the original synthesis gas, the molar 
‘radloactivity of the hydrocarbons obtained {s constant and does not depend on the number of carbon atoms fn 
the molecule, The American investigators considered the constancy of the molar activity as confirmation , 
of the dehydration-condensation scheme of the synthes{s reaction, which was proposed by Storch, Golumbic 
and Anderson [3]. According to this scheme, CO andHg form on the surface of the catalyst the complex 


H 
Nc 


he 


approximating the structure of methyl alcohol, By a comparatively rare reaction between 


two CHOH, g, radicals, chemisorbed CH, COH radicals are formed and serve as the initial centers for hydro- 
carbon chain growth, The latter grows as a result of condensation-dehydration type reactions and hydrogen- 


ation: 
7 -H 3H 
he he Mette Me 


which, overall, can be represented as 


R OH OH R 


| 
Me he 4 


with the chaln-term{nation reactions: 
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a) R—CH, — CH,CH =O alcohols, acids, esters 
Me R — CH, — CH,OH 
2H 
b) OH 
Me 
Me 


As was noted previously (2), the results of the experiments with tagged alcohols added to the orlginal 
synthests gas are not unequivocal proof of the correctness of the dehydration-condensation scheme, a part of 
the assumptions of which appear tmprobable tous, As basfs for this scheme, It should be shown, first of all, 
that constancy of the molar activity of the hydrocarbons cannot be obtained with the addition to the Initial 
synthesls gas of tazged compounds other than alcohols, for example, any of the products of thelr conversion, 
In view of this, in our first experiments we also used acetaldehyde and methyl! formate as tagged compounds 


added to the synthesls gas, In the present communication are presented results obtained with tagged ethylene 
added to the synthesis gas. 


TABLE 1 
Summary of Expertments on the Synthes{ts of Hydrocarbons with Added Ethylene 


Experiment Experiment 
No, 1 No, 2 


Used: 


Initfal synthesls gas, Mters 102 105 
48.6 
Tagged ethylene, liters 
Vol. % 1.45 
Experiment duration, hours 39 
Gas contaction, % 16 


Obtained: 


Liquid hydrocarbons, g 

Aqueous layer, g 

Total activity of Cy and higher hydro- 
carbons, of original 

Total activity of ethane, % of 
original 

Total activity of aqueous layer, 
original 1.5 


® This value {s possibly too high, since the activity of the C,H, was calculated 
as the surn of the activity of the C,H, fsolated from the condensed gases and 
the total activity of the uncondensed gases, in which there was an appreciable 
amount of gaseous hydrocarbons, 


The study of the behavior of ethylene under the conditions of the Synthol process was of particular In- 
terest in connection with the results obtained in work (4, 5} on the hydrocondensation of olefins with CO and 
the hydropolymerization of olefins in the presence of small amounts of CO, These works showed that olefins 
participate actively in the growth of the hydrocarbon chain during the synthes{s of hydrocarbons from CO and 
Hy and tn the {nftlation of chains, According to E, I, Orlov (6}, under specific conditions ethylene can be 
the basic product in the catalytic hydrogenation of CO, According to Kummer and Emmett (1), under 
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synthesls conditions ethylene {s formed {n small amounts from added ethyl alcohol. Consequently, starting 
conditions are present for initiation by ethylene both during ordinary synthesis and during synthes{s with ethyl 


alcohol added. By means of tagged ethylene {t should be possible to hope for a clarification of whether ethyl- 
ene actually fills this role, 


The experiments on the synthests of hydrocarbons from CO and Hy with added C-tagged ethylene 
were carried out at 195° over a cobalt-thorlum catalyst of the composition 100Co ¢ 18ThO,: 100 kleselguhr, 


The concentration of ethylene {n the synthests gas was 0,78 vol. % In one of the experiments and 
1.45 vol. % {in the other, The original gas, with a composition of 1CO :2H;, was fed to the reactor at a space 
rate of 102-107 Mters/Mter/hour, The experimental conditions and the results of the radlomettc analysts 
of the resulting hydrocarbons are presented in Tables 1 and 2, The dependence of the molar activity on the 
length of the hydrocarbon chain of the hydrocarbon molecules {s shown graphically in Figure 1, 


TABLE 2 As follows from the data presented, in both Ex- 
periments 1 and 2 more than 50% of the tagged ethyl- 
Specific and Molar Activities of the Synthests ene was converted to ethane and 25-26% was found in 
Products ® the other hydrocarbons formed, The formation of 
oxygen-containing compounds from ethylene occurred 
Experiment No. 1 Experlment No, 2 only toa very small extent, as indicated by the in- 
&O significant activity of the water layer formed in Ex- 
periment 2 (see Table 1). The molar activity of the 
pentanes and higher hydrocarbons, just as {n the ex- 
periments with tapeed alcohols, was practically con- 
stant and did not depend on the chain length of the 
hydrocarbon molecules, This result indicates that 
ethylene participates in the in{tiation of physical 
chains on the catalyst, The posstbilfty of ethylene 
partic{pation {n chain termination, which also could 
lead to constant molar activity, fs excluded in view 
of the work of Ya, T. Eldus, N. D. Zelinsky et al{5} 
who demonstrated that ethylene partic{pates Inten- 
sively {n the growth of the physical chains, thls last 
being also tndicated by the data of the present work 
indicating the absence of a decrease in the yleld of 
products with an increase {n the concentration of ethyl- 
ene {n the orlginal gas. The molar activitics, a, of 
the Cy and C, fractions were 1,3-1.8 times lower 
than a@ for the heavier fractlons, This could indicate 
an appreciable partictpation of other reactions in their 
formation, The high value of a for ethane demon- 
strates the large part played by hydrogenation In its 
formation, A comparison of the results of the present 
* Radiometric analysts of Experiments Nos, 1 and previously published work (1, 2] leads to the con- 
and 2 was carried out on different counters with © clusfon that, under {dentical conditions, ethylene par- 
a count of effectiveness of 3 and 7%, respec- ticipates to a far greater extent than ethyl alcohol in 
tively, the formation of hydrocarbons, At the same space rate 
© Number of C atoms calculated from the (100 /liter/hour) and identical concentrations of 
molecular weights of the respective fractions the tagged components {n the synthesis gas . ° 
with the assumption of paraffin contents of (1.45 vol, %), the activity of the C, and higher hydro- 
100%. carbons in the experiment with ethylene was 24.5% of 
the orfginal activity of the tagged compound, while 
{n the exper!ment with ethyl alcohol it was about 6%, Under identical conditions, the ethylene participated 
in the formation of an average of one out of each 4-5 molecules of hydrocarbon formed, while for the ethyl! 
alcohol this value was one out of elghteen, It follows from these data that chain initiation by ethylene 
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proceeds with greater facility than initiation by ethyl alcohol. This makes probable the assumption that in- 
itfation by ethyl alcohol ts brought about by {ts preliminary conversion to ethylene, Thus, on the basis of our 
experiments with ethylene, the accuracy of the synthesis scheme proposed by Storch, Golumbic and Anderson 
can be doubted, at least for the synthesfs over cobalt catalyst. 


pe/mmole 


~ we & 


Molar activity 


Number of C atoms per molecule 


Fig. 1. Dependence of the molar activity of the hydrocarbons on the 
length of thelr molecule in experiments with (a) 1.45 vol. % C™ CH, 
and (b) 0.78 vol. % c™ CH, <dded to the synthesis gas, 


Note that a change {n the ethylene concentration did not lead to materfal deviations of the molar ac- 
tivity of the hydrocarbons from constancy, and left practically unchanged the ratio between the hydrogenation 
of ethylene to ethane and the conversion of ethylene to Cy and higher hydrocarbons, The ratio of the molar 
activity of the orlginal ethylene to the average molar activity of the hydrocarbons dropped from 9,6 at an 
ethylene concentration of 0.78 vol. % to 4.5 at an ethylene concentration of 1.45 vol. %, Consequently, the 
participation of ethylene tn the formation of the heavier hydrocarbons Increased directly as the ethylene con- 
centration, These data, as well as the absence of a change in the yleld of reactfon products with a change In 
the ethylene concentration, can be explained by the rates of formation of the initial centers of the hydrocar- 
bon chains by two different routes being approx{mately the same; the two routes of formation of the Initial 
centers are with and without ethylene, The absence of a materfal change {n the yleld of reaction products 
with a change In ethylene concentration negates the conclusfon that the __ rato of the average molar ac- 
tivity of the hydrocarbons to the molar activity of the orfginal ethylene represents the number of physical 
chains arfsing as a result of chain transfer processes beginning with the adsorption of a molecule of ethylene, 


These data cast doubt on the accuracy of the alcohol-condensatfon theory of the Synthol process as 
applied to cobalt catalysts and also on the conclusfons arrived at by the American Investigators on the basls 
of thelr experfments with tagged alcohols over fron catalysts, There are still {nsuffictent data for an overall 
theory of this process; however, the active role of ethylene (and possibly of other olefins) in the Synthol pro- 
cess and the great similarity of the mechanism of the Synthol process to hydrocondensation processes [4] are 
immedtately evident, It would be Interesting to examine from this point of view other types of processes 
into which CO and H, enter, and to study, by means of tagged compounds, the partic{pation In reactions of 
this class of other ordinary and labile molecules over both Co and Fe catalysts. It would also be expedient to 
Catry out experiments with tagced ethylene over Fe catalysts with the aim of clarifying the applicability of 
the alcohol-condensation theory of the Synthol process to this group of catalysts, 
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THE ADDITION OF TRIALKYL PHOSPHITES TO 


a, B-UNSATURATED ALDEHYDES 


Gilm Kamaf and V. A. Kukhtin 
(Presented by Academician B, A. Arbuzov, September 14, 1956) 


In an earlier paper (1), we reported on the ab{lity of ulalkyl phosphites to add to a, B -unsaturated a- 
elds. This reaction probably proceeds according to; ; 


for 


It could be assumed that other compounds possessing a¥,#-conjugated system would also undergo this reac- 
tion. 


Studying the reaction of trialkyl phosphites on acrolein and crotonaldchyde, we established that they 
enter Into a very active reaction with the phosphites, Thus, for example, triethyl phosphite reacts with acro- 
lein almost as actively as with acrylic acd; the reaction proceeds with the Hberation of heat, resulting in an 
increase {n the temperature to 70°, when acrolein fs slowly added to tricthy] phosphite, However, ft was con- 
siderably more difficult to fsolate the reaction product than In the case of reaction with a,B -unsaturated a+ 
efds, Only by carrying out the reaction in dloxane solution were we able to tsolate the product of the addition 
of triethyl phosphite to acrolein, Distillation of the reaction products at 3-4 mm was accompanted by {nd{- 
cations of vigorous decomposition, and proceeded with considerable superheating in the bath (80-100°), The 
tesulting addition product did not undergo reactions character{stic of the aldehyde group; the action of bro- 
mine water disclosed the presence of a double bond, In accordance with the cheinfcal properties of the pro- 
duct, and also on the basis of the analytical data, the following two poss{ble formulas can be proposeds © 


(RO),P—CH,—CH=CHOR (RO),P — CH (OR) CH = CHy 


Formula 0 corresponds to the product of an addition at the carbonyl group; Formula I corresponds to 1,4-addl- 


tion to the conjugated system C= C—C=O, In order to solve the problem of the structure of the product, it 
was subjected to saponification with a 15% solution of hydrochloric acid, The product resulting from the sap- 
onification gave reactions characterlstic of the carbonyl group with fuchsin sulfurous acid and with an alka- 
line solution of sodium oltroprusside, Further, by sapontfication of the product of the addition of trlbutylphos- 
phite to acrolein with a 2% solution’ of sulfuric acid at a temperature of 80-90% we obtained B -(dibutylphcs- 


\ 
1 


phono) proplonaldehyde, That an aldehyde was formed was shown by the formation of {ts 1,4-dinitrophenyl- 
hydrazone with a m.p, of 101°, The aldehyde group could be obtained only by saponification of the vinyl! 
ether group of compound I: 


H 


On the basts of the results obtained, {t can be considered that the products of the addition of trlalkyl 
phosph.tes to o,8 -unsaturated aldehydes have the structure I; consequently, this reaction proceeds by 1,4-ad- 
dition of the trialkyl phosphite to the aldehyde at the conjugated double bond system. Crotonaldehyde reacts 
with trlalky] phosphites in a manner similar to acroletn, In this case, the reaction proceeds less actively, with 
less evolution of heat (4-5°), and requires heating of the reaction mixture at 100-150° for 2-3 hours for com- 
pletion of the reaction, The constants of the products obtained are presented in Table 1, The mechanism of 
the addition of trlalkyl phosphites to o,8 -unsaturated aldehydes can be represented by the following schemeg 


+ 4 
(RO),P: + CH, = CH— (RO);P 


| H CH,CH=CHOR . 
TABLE 1. | 


; Formula 
(mm Hg) CalcFound Cale Foun 


CH,CH-=CHOC,H, 132—133/3}1 .4442]1, 55.75/55. 81/13 .95}13.9 
(n-C,H,O),P CH, CH =CHOC,H, n{53—155/5)1 .4426/4, 69.67/69. 34)14.7 [14.4 


(n-C,H,O),P CH;CH=CHOC,H .4460/0. |10.4 

CHCH=CHOC,H, [138—138/4]1 4500/1 [12.8 

(n-CsH,0),P CHCH=CHCH,n |t52—154/3]4 440614 .0046]74.28]74. 20114 .4 [11.0 
Hy 

(n-C,H,O),P S0—151/5/1 .4406/1 


* Yield after the action of butanol on the addition product, 


Certain facts obtained by us in the course of the {nvestigation indicate that the first stage of the reaction 
fs the formation of an {ntermediate product to which can be assigned the foramula 


— CH 


| 
CH 


(RO 

16.6 

40.6° 
5 12.9 


which does not exclude the posstbility that the P—Obond In the ring has an fontc character, The following 
facts support this proposal, 


1, The action of high temperatures on the addition product. As already stated above, the fint dis- 
tillation of the addition product proceeded very vigorously; signs of vigorous decomposition were apparent, 
and the distillation proceeded with considerable superheating in the bath, The sccond distillation proceeded 
more smoothly and with only slight tarring of the product, The ylelds of esters of y -alkoxyallylphosphonic 
acids was increased ff the addition products were heated to 180-200° before distillation, A similar heating of 
the product of the addition of tributy! phosphite to acrolein increased the yleld of the butyl ester of y -butoxy- 
allylphosphonic acid from 18 to 31.1%, 


2. The action of alcohol on the addition product, By the action of butanol on the undistilled addition 
product (not containing residual acrolein or tributy] phosphite), the temperature was {ncreased by 5-6°, and 
the elevated temperature was retained for a long time. The yleld of the butyl ester of y -butoxyallylphos- 
phonic acid was increased, in thfs case, to 40.6%. The action of alcohol on the resulting phosphonate did not 
increase the temperature, 


3, The action of water on the addition product, The temperature was increased by 11° by the action 
of water on the —.1distilled product of the addition of tributyl phosphite, The odor of butanol and the sharp 
odor of a phosphonaldehyde appeared — over a period of some time, the product was almost completely con- 


verted {nto the phosphonaldehyde. The pure butyl ester of y acid did not react with 
water under the same conditions. 


All of these facts can be explained by the formation of an interined{fate product of cyclic structure - 
which, under the influence of high temperature or alcohol, 1s converted {nto an ester of a tii it ol 
phonic acid, and {nto a phosphonaldehyde by the action of watery 


I. (RO)sP +ROH = 


CH,—CH (RO)s an — CH = CHOR 
(RO):P CH, — CH = CHOR +- ROH 
O — CH RO OH 
I. (RO),P” + HOH> 
(RO)s — CH = CHOH 
(RO),P” 
cy + ROH 
Nu 


On the basts of the above, ft {s possible to come to the conclusion that the reaction of trlalky] phosphites 
with the conjugated system Cs C-C=0O probably proceeds in two stages according to the scheme of ” Arbu- 


Zov rearrangement (2); 


(RO. 


. 
. 
a. 
. 
‘ 
J 


The action of alkyl halides on trlalkyl phosphites ts pcobably only a particular case of the Arbuzov ro- 
arrangement, As we have shown previously, omgantc acid anhydrides (3), a,x -unsaturated acids (1), «,8 -un- 
saturated aljchydes, and, In all probability, a number of other -conjugated systems can undergo this 
ston, 


In the light of the results obtained by us, we consider {t possible to state certain considerations appropos 
the Perkow reaction [4]. He described the reactions 


(RO)P : + ccc” -+ (RO);POCH = CCl, + RCI 


The author gave a rather complex explanation of thfs reaction, attempting to explafn {ts course, which was 
anomalous from the point of view of the Arbuzov rearrangement. It seems to us that such a course of the re- 
action can be explained {f chloral fs considered as ao, -conjugated system with an electrophilic oxygen, 
By analogy with ,x-conjugated systems, chloral must undergo the Arbuzov rearrangement according tog 


a 


(0 
‘BORD 


Almost such a scheme was given by A. N, Pudovik and N, M, Lebedeva (5) for the reaction of chloro- and 
bromoacetone with trlalkyl phosphites; the only thing not understood fs why the authors assumed the separate 
existence, at an intermediate stage, of a phosphonfum fon and a neutral halogen atom, 


Allen and Johnson [6] studied, besides the reaction with haloketones, the action of other 0,7 conjugated 
systems on trlalkyl phosphites {n which the Arbuzov rearrangement also occurred in many cases with transfer 
of the reactive center, 


It fs probable that the reaction of trialky] phosphites with conjugated systems {n the 1 and 4 pos{tfons 
with the formation of an tntermed{ate complex fs general for both #,# and go, -systems, 
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ON THE PROBLEM OF SULFONATION IN THE AROMATIC SERIES 


V.O. Lukashevich 


(Presented by Academician V.A. Kazansky, September 15, 1956) 


In processes for the production of sulfony! chlorides, sulfones, and sulfonic acid anhydrides, which are pre- 
pared by sulfonation of compounds of the aromatic series, an {mportant part {s played, in our opinion, by Inter- 
mediate products — the mixed anhydrides ArSO,-O+SO,OH — products of the addition of SO, to a molecule of 
arylsulfonic acid, which are sometimes represented by the formula ArS;O,H and which, apparently, are considered 
to be substances of low reactivity [1]. Proceeding from this assumption, we wished to have a look at some ex- 
amples of sulfonation with chlorosulfonic acid and oleum, 


It is generally known that chlorosulfonie acid is widely used for the production of sulfony! chlorides, the 
ylelds of which rarely exceed 80-85% of theoretical under optimum conditions. Of immediate Interest to us, 
however, were the totally different results obtained with a sharp decrease In temperature and with certain amounts 

of excess CISO,H for ensuring continuence of sulfonation, 


The sulfonatable substance was added to the CISO,H uniformly over a period of 1 hour, after which the mix- 
ture was stirred for the time indicated in Table 1; in Experiments 5, 6, 8 and 9 the mixture was stirred for half 
an hour at S° and 1 hour at 10°; in Experiment:7, stirring was for 2.5 hours at 25°, 38.8% p-dichlorobenzene re- 
mained in the latter experiment. After stirring, the mixture was poured on ice, and the part which solidified 
was separated and washed with ether and water to obtain the greater part of the sulfone, The ether layer was 
dried, the ether evaporated, and the sulfonyl! chloride was distilled under vacuum from the remaining material, 
The residue was boiled with a dilute solution of sodium hydroxide, liberating an additional amount of sulfony! 
chloride and sulfone. In Experiments 1-5 and 7, the aqueous layer was “gypsumized,” the calcium salt was con- 
verted to the sodium salt, and part of the sodium salt was converted to the sulfonyl chloride by means of PCl. 


In the remaining experiments, the aqueous acid portion was saturated with sodium chloride, precipitating almost 
all of the sulfonic acid in the form of sodium sait 


The results of the experiments are presented in Table 1. 
TABLE 1 | 


Experi-| Aromatic radical Reaction conditions Yield, % 
ment | of the sulfonic Temper- | Time, | Moles Sulfonyl Sulfone Sulfonic acid 
No. ature,°C | hours CISO,H_ {chloride 
-8,-5 1.5 2.7 19,2 29.9 
1.3 3.9 17.5 29.4 
-8,-6 | 1.3 3.9 16.0 38.1 
1.2 3.9 16.7 41.5 
(5-16) | 2.5 4.7 23.3 6.1 
20 (25) 3.5 4.7 45.4 

3,4-Br,;C.H,— 0(5-10) | 2.5 4.1 26.6 25.0 
0 (5-10) | 25 4.7 22 5.9 


As seen from Table 1, the basic products were sulfones and sulfonic acids, As regards sulfonyl] chiorides, 
{t was not difficult to satisfy ourselves that they result from a secondary reaction of the sulfonic acids with C1SO,H; 
the figures of Table 2 give an idea of the extent to which significant amounts of sulfony! chlorides had formed 


| 

> 

; 

13838 
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after 2 60-minute contacting of individual sulfonic acids with a mixture of CISO\H and HySQ,. The ratios of re- 
agents fn the first five experiments corresponded to the ratios in the corresponding experiments in Table 1 as es- 
tablished at the very end of the sulfonation.® 


TABLE 2 
Experiment | Aromatic radical of | Temperature, |Sulfonic CISOH, | H,SO,, | Sulfonyl chloride, mole 
Number the sulfonic acid  @ acid, moles moles | %of the orfginal sulfonic 
moles acid 

2 1.0 2.9 1.0 55,0 (18.7) 

$ 4-8rC,.Hy— 1.0 2.9 1.0 47.1 (20.8) 

10 1.0 3.1 1.0 55.0 17. 

en 15-23 (5 hrs.) | 1:0 1:0 45:0 


Thus, {t is seen that during sulfonation with chlorosulfonic acid, sulfonic acids are formed first, and are 
then converted to sulfonyl chlorides by the further action of excess CISO,H [2]. 


Attention {s now directed to the appearance of abundant amounts of sulfones at lower temperatures, pare 
ticularly under the conditions of our experiments. If it {s assumed that the sulfones are produced by the sulfona- 
tion of originally unsulfonated compounds by sulfonic acids (3), then the role of the C1SO,H must reduce to one 
of tying up the water from the reaction to maintain the sulfonic acids {n the anhydrous state, For this, we are 
forced to assign to the sulfonic acid an improbable ability: to compete successfully with CISO,H in part of the 
sulfonation reaction. It {s no less strange (this follows from the data of Table 3) that the major part of the sul- 
fones arises in the initial sulfonation perlod when the amount of sulfonic acid in the reaction mixture {s still rel- 
atively small, 


TABLE 3 


Expeziment Aromatic radical of the C1SO;H, HSO,, Substance Sulfonyl Sulfone, 
Number sulfonic acid moles moles sulfonated, chloride, % 
% 

1 C.Hs~ 1.7 1.0 wad 0.8 10.5 

3 4-C1CHy— 2.9 1.0 ie 1.6 1.2 

1.9 2.0 10 0.3 1.8 

3° 4-A1C,Hy- 1.0 2.9 30 0.14 0.3 

4 2.5 1.5 trace 5.3 

6 3.4- See 2.7 2.0 38 1.0 0.7 

Q 3.4-BrzCy 3.7 16 3.7 3.5 


In Table 3 are presented the results of the sulfonation of certain substances with a m'xture of CISO,H and 
H,SO,; the conditions of the corresponding experiments of Tables 1 and 3 differed only in that fn the latter a 
port of the C1ISO,H was substituted by an equimolar amount of 100% acid, First of all, it is seen that with such a 
substitution, a substantial part of the original material remains unsulfonated (see Experiments 3", 6, and 9 in 
Table 3), which indicates a weaker sulfonating action for 100% H,SQ, in comparison with CISO,H. Further, sub- 
stitution of part of the CISO\H by 100% sulfuric acid led to a sha-p curtailment of sulfone yleld, altiough the 
amount of CISOjH retained in the mixtures was more than sufficient to tle up all of the water from the reaction, 
And finally, the sulfony! chlorides were obtained essentially only in traces, 


We sce a close connection in the simultaneous decrease in the yields of sulfonyl chlorides and sulfones, 
- since we consider that both are produced from the intermediate mixed anhydride formed according to(1): 


AtSO,H + CISO,H ArSO,-O-SO,OH + HCL 


The mixed anhydrides quickly react further in two directions; with excess C1SO,H to provide a source of 


*In all experiments we started with the sulfonic acid anhydrides, dissolving them in the calculated amounts of 
92% H,SO,. 


| 
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sulfonyl chlorides, 


+ CISO,H ArSO,Cl + HOSO,- O-SO,0H, 
and sulfonating the orlginal material to form sulfones, 
ArSO,-O-SO,OH + HAr —> ArSO,Ar + 


It {s obvious that H,SO, destroys the mixed anhydrides by virtue of the existing equilibrium (4): 


ArSO,+O-SO,OH + H,SO, = ArSO,H + HOSO,-O-S0,0H, (4) 


which explains the sharp decrease In the ylelds of sulfonyl! chlorides and sulfones with a marked increase fn the 
H,SO, content of the reaction mixture, 


It was very interesting that not only H,SO,, but ‘in HCl Inhibited the formation of sulfony! — but 
this {s understandable In view of the reversibility of Reaction (1). 


This {s indicated by the figures in parentheses in Table 2, which indicate the extent to which the amount 
of sulfony! chloride 1s decreased if, other conditions remaining the same, CISQ,H containing dissolved hydrogen 
' chloride (0.40 wt. %) Is used — such acid was prepared by passing HCl, dried over P,O;, into ordinary acid, - 


It can hardly be doubted that the formation of sulfones during sulfonation with oleum under the usual con- 
ditions proceeds by the same principle as with CISO,H.* The amount of sulfoncs {s far smaller here than during 
the sulfonation of the same compounds with C1ISO,H by virtue of the fact that the mixed anhydrides are poor 
competitors with oleum with respect to sulfonating action; {t can bo assumed that, for example, 2,5-Cl,C,H,SO,- 
*OSO,OH only very slowly sulfonates 1,4-dichlorobenzene at 20°, 


Let us consider Reaction (2) {nmore detail, It {s well known that oleum Is partially substituted for CISO,H 
in the preparation of sulfonyl chlorides. We sulfonated a series of substances with a mixture of C1SO,H and oleum, 
and wo satisfied ourselves that complete formation of sulfonyl! chlorides at the ratio of sulfonating agents used ro~ 
quired minutes, not hours as {n the data of Table 1. We will cite here only the experiment with 1,4-dichloroben- 
zene. The finely powdered substance (0,02 mole) was Introduced over an interval of 2 minutes into a mixture of 
C1SO,H (0.10 mole) and 60% oleum (0.03 mole SO) which was cooled to 0°; the mass was heated to 20-22", and 
the dichlorobenzene dissolved; after 10 minutes it was poured onto ice. Along with the sulfonic acid, sulfony! 
chloride was obtained in 54% of theoretical. If the process Is carried out in precisely the same way except that 
the temperature {s not allowed to rise above 1-2", the sulfonic acid anhydride precipitates out in an amount com- 

- prising, after 10 minutes stirring, about 45% of theoretical; even with an increase in temperature to 20-25°, the 
anhydride goes into solution only slowly; 1,4-dibromobenzene behaves fn almost the same way. 


We imagine that,during sulfonation with oleum, 1,4-dichlorobenzene is converted into the sulfonic acid, a 
part of which under the influence of excess pyrosulfuric acid (or SO), by virtue of Equilibrium (4), 1s obtained 
in the form of the mixed anhydride; the latter rapidly reacts both with CISO,H forming the sulfonyl chloride and 
with the sulfonic acid with the formation of the sulfonic acid anhydride (see below), which, In turn, 1s converted 
{nto sulfonyl chloride. With a decrease tn temperature, the formation of sulfonyl! chloride slows down, and the 
difficultly soiuble anhydride crystallizes as it accumulates, 


Concerning the reverse of Reaction (2), we report the following. Sulfony! chlorides react far more rapidly 
with excess oloum than with monohydrate; when finely powdered material (0.01 mole) was mixed at 20° for the 
time Indicated below with 8.0 ml of 20% oleum and the mixture then poured onto ice, the amount of sulfonyl] 
chloride which remained is given by the following values (%): 


* Such an opinion was recently expressed during a study of the action of SO, on benzene [6}, 


(3) 
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Benzencsulfony! chloride 2 mio. 13.7 
chloride 12.0 
2,5-Dichlorobenzenesulfony! chloride 20 12.0 
2,4,5-Trichlorobenzencsulfony! chloride 40 14 
chloride 120 & 
3-Nitrobeazencsulfonyl chloride 120 16.7 


Under identical conditions, the action of 100% HgSO, was appreclabke only on benzenesulfonyl chloride, 
which reacted In an amount of 96% of that taken, 


It fs known [4] that sulfonation of polyhalo substituted benzene with a large excoss of oleum yields sulfonic 
acid anhydrides. The process of the formation of the latter undoubtedly proceeds through the state of mixed an- 
hydrides according to Reaction (4), reading {t from tight to left. It stands to reason that the mixed anhydrides are 
also formed by way of direct addition of SO, to the molecule of sulfonic acid. The mixed anhydride, reacting 
further with sulfonic acid, {s converted into the sulfonic acid anhydride: 


+ ArSO,H & + (5) 


In a number of cases, formation of sulfonic acid anhydrides does not take place, because, with thelr ex- 
tremely low solubility in HySO,, Equilibrium (5) is strongly displaced to the left. We satisfled ourselves that ff 
the anhydrides of these sulfonic acids (for example, 4-chlorobenzene - or 3,4-dichlorobenzenesulfonic acid) are 
dissolved in a small ammount of 20% oleum, they partially crystallize out of the thick, syrupy mass on cooling. 
On the other hand, the anhydrides of such sulfonic acids are easily obtained if the amount of solvent {s reduced 
during sulfonation; thus, for example, in the treatment of unsymmetical tetrachlorobenzene (0.01 mols) with 
60% oleum (0.03 mole SO,) at 20°, the yield of the corresponding anhydride exceeded 50% of theoretical, 


In accordance with the above, it may be assumed that during sulfonation with oleum of low or moderate 
concentration under mild temperature conditions (whsn the content of free, SO, in the mixture {s relatively small), - 
the main sulfonation agent {s the partial anhydride of sulfuric acid — pyrosulfuric actd, 


S.A. Sobchinskaya took part in the experimental part of the work. 
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ALKYLATION OF BENZENE WITH PROPYLENE IN THE PRESENCE OF 
A SERIES OF PHOSPHORIC ACIDS CONTAINING FLUORINE AND 
BORON TRIFLUORIDE 


Academician A.V. Topchiev and V.N. Andronov 


A study of the alkylation of benzene with ethylene in the presence of orthophosphoric, :monofluorophos- 
phoric and difluorophosphoric acids saturated with boron tifluoride showed that catalysts based on compounds 
containing boron and boron tifluoride are extremely active for the alkylation of benzene with ethylene [1}. 


Therefore it was of interest to study the properties of these compounds In the alkylation of benzene with propyl- 
ens. 


The alkylation of benzene with propylene was carried out in the same apparatus weed for the alkylation 
of benzene with ethylene [1). 


A series of experiments established that neither monofluorophosphoric nor difluorophosphoric acid would 
bring about the alkylation of benzene with propylene at room temperature, By carrying out the reaction at 80°, 
alkylate was obtained in a yleld of 56% of theoretical. Thus, the catalytic activity of monofluorophosphoric 
acid in the alkylation of benzene with propylene {s comparatively low even at a temperature of 80°, 


However, the introduction of an atom of fluorine into the molecule of phosphoric acid somewhat increasos 
the activity of the acid, since {n the alkylation of benzene with fsobutylene at a temperature of 20°, alkylate 
was obtained In a yleld of 70% of theoretical and consisted of 45-49% tertiary -butylbenzene and 51-55% diter- 
tiary-butylbenzene. According to the Mterature data (2], the alkylation of benzene with {sobutylene In the pres- 
ence of orthophosphoric acid {1s possible only at a teinperature above 60°, 


Although the introduction of fluorine into the phosphoric acid molecule somewhat Increases the activity 
of the catalyst, all the same, the Increase in activity Is Insufficient, Therefore, the authors of this article stud- 
fed in greater detail the alkylation of benzene with propylene In the presence of monofluorophosphoric and di- 
fluorophosphoric acids saturated with boron trifluoride, For comparison, parallel] experiments were carried out 


on the alkylation of benzene with propylene in the presence of orthophosphoric acid saturated with boron tri- 
fluoride and in tho presence of sulfuric acid, 


The authors studied the Life of these catalysts {n the alkylation of benzene with propylene, It should be 
noted that catalyst life in the alkylation (and, consequently, its consumption) {s a very important characteristic 
which determines the technical usefulness of the catalyst. Therefore, it was proposed to determine a ace 
tvity with respect to alkylate yield per unit wefght of catalyst. 


The experiments were carried out at a temperature of 20°, In each experiment, 40 ml of catalyst, 156 g 
of benzeno, and 41 g of propylene were used, The propylene was fed to tho reactor at a rate of 3.5 liters por 
hour, After each experiment, the alkylate was decanted from the catalyst, and the acid was used In the follow- 
ing experiment, 


Data on the yield of alkylates and the consumption of the series of catalysts in tho alkylation of benzens 
with propylene are presented in Table 1. , 


From Table 2,{t {s seen that monofluorophosphoric acid saturated with Soron trifluoride was the most ac- 


tive of the catalysts studied for the alkylation of benzene with propylene. The catalysts studied can be arranged 
in the following ordex with respect to thelr catalytic activity: 


- 


H,PO,F + BF, > 0.5 BF, > HyPO,-BFy > 


L.e., the activity of the catalysts In the alkylation of benzene with propylene varies Just as in the case of the al- 
ky lation of benzene with ethylene [(1} 


TABLE 1 
Catalyst Consumption During the Alkylation of Benzene with Propylens 


Catalyst Catalyst charged Alkylate ob- | Catalyst con- 
ml §£ tained, g sumption, 
H,PO,F * BF 40 15.5 2768 2.73 
HPO,F,* 0.5 BFy 40 71.5 2408 2.97 
HyPO,° BF, 40 716.0 2173 3.50 
H,SO, 40 13.5 414 17.80 


It was of interest to follow the effect of catalyst activity on the fractional composition of the alkylate, 
_and to trace the change in fractional composition of the alkylate with a change {n the mole ratio of benzane to 
propylene. With this alm, experiments were carried out on the alkylation of benzene with propylene Ia the 
presence of the series of catalysts. In each experiment, 40 ml of catalyst, 156 g of benzene, and 20.5, 41.0, or 
82.0 g of propylene were used. These amounts of benzene and propylene approximated mole ratios of benzene 
to propylene of 4:1, 2: i, and 1:1, The experiments were carried out at a temperature of 20°, and the gas was 
fed to the reactor at a rate of 3.5 liters per hour, 


The results of the experiments showed that the fractional en of the alkylates changed Insignifi- 
cantly as catalyst activity decreased, 


Ata mole ratio of benzene to propylene of 4:1, the alkylate comprised 80-35% fairly pure {sopropylben- 
zene. A decrease in the benzene-to-propylene mole ratio to 2:1 and 1:1 led to a docrease in the monoalkylate 
content of the alkylate to 75-80 and 65-70%, respectively. 


TABLE 2 


Alkylation of Benzene with Propylene with H,PO,- BF and H,SO, at Different Olefin Feed Rates to the Reactor 
Experiment, Gas feed Alkylate Fractional composition of alkylate, wt. % Bromine. num 
No. rate, yield, % ber of residue 
liters/hour | of theoret-| 85-150° 150-154") 154-200° | 200-210° | Residue 
ical 


Catalyst — HgPO,°BF, 


1 3.5 88.5 3.5 [73.0 86} 43 5.2 14.0 0.1 

2 22.5 90.3 4.1 76.0 4.9 5.0 10,0 0.4 

3 20,0 91.9 4.3 14.2 5.7 5.8 10.0 0.3 
Catalyst | 

3.5 89.5 5.2 79.0 

se 22.5 88.0 7.0 70.0 5.3 10.0 1.1 1.0 

6 30.0 83.5 4.3 11.3 6.2 10.4 1.8 13.3 


°45.5 g of propylene was used in the experiment. 


The yield of monoalkylate (calculated as {sopropylbenzene) at a mole ratio of 2:1 
was fairly high in all experiments, and amounted to 89-91% of theoretical, With a decrease in benzene-to-pro- 
pylene mole ratio, the yleld of monoa}kylate decreased in all experiments owing to an Increase In tho amount 
of polyalkylated products, as would be expected, 


re 
| 
: 
| 
a 
— 


TABLE 3 


Basic Properties of the Isopropylbenzene Fraction 


Isopropy Iben- 
zene fraction 


Pure lsopropyl- 
benzens 


D 
Mol, wt. 
Bromine No, 


150-154 
0.8644 
1.4934 

120.5 
0 


152.39 
0.8618 
1.4915 

120,19 


The results obtained make {t possible to 
conclude that the optimum ratio of benzene to 
propylene was 2:1 for all of tho catalysts studied 
by us. An Incroase In this ratio fs hardly expedi- 
ent, since it leads to a considerable increaso In 
equipment size with a comparatively small in- 
crease in the overall monoalkylate content of 
the alkylation products, 


The fractions of lsopropylbenzene and di- 
{sopropyIbenzene obtained in the presence of the 
series of catalysts contained no unsaturated com- 
pounds, The latter occurred fn very small a- 


mount only in the residues from the distillations of tho alkylates, the bromine number of the residues increasing 
somewhat as the activity of the catalyst decreased (from 0.1-0.3 with H,PO,F- BF, catalyst to 1.4-1.¢ with H3SO,). 


In the alkylation of hydrocarbons, the rate of addition of the benzene or fsoparaffinic hydrocarbon to the 
olefin has great significance. This rate depends on the structure of the saturated and unsaturated hydrocarbons, » 
on the catalyst activity, on the temperature of the experiments, on the degree of mixing of the reaction mixture, 


and on other factors, 


In this connection, a series of exper{ments was carried out on the alkylation of benzene with propylene at 
different gas feed rates to the reactor, The experiments were carried out with the most active and the most 
studied of the catalysts — monofluorophosphoric acid saturated with boron trifluoride — and with tho least active — 


catalyst — sulfuric acid, 


In each experiment, 40 ml of catalyst, 156 g of benzene, and 41 g of propylene were used, Tho ‘insti 


ments were Carried out at a temperature of 20°, 


The results of the experiments are presented in Table 2, 


As seen from Table 2, an increase In the propylene feed rate from 3.5 to 30 Uters/hour, in the presence 
of H,PO,F BF, did not appreciably change the alkylate yleld or the content of tsopropylbenzene fraction in the 
alkylate. In the presence of sulfuric acid (the less active catalyst), as the propylene feed rate was increased 
there was a decrease, actually tifling, in the aikylate yleld and a decrease In the content of lsopropylbenzens 


fraction in the alkylate. 


Unsaturated compounds were found in small amount only {n the residues from the distillation of the alkyl- 
ates, The content of unsaturated compounds sharply increased with the use of sulfurfc acid as the catalyst and 
at a propylene feed rate of 30 Uters/hour (Experiment No, 6). Simultancously, there was some decrease in al- 


kylate yield, 


In the reaction of benzene with propylene, an increase in alkylation temperature to 80° In thepresence of 
monofluorophosphoric acid saturated with boron trifluoride resulted in a very small increase in alkylate yield 
and in the isopropy! benzene isection, In addition, at this same temperature there was a rather considerable 
evolution of boron trifluoride from the catalyst, which rapidly reduced Its activity, 


As already indicated, during the alkylation of benzene with propylene fn the presence of the series of cat- 
alysts the main product of the reaction, Judging from the boiling point, was lsopropylbenzene with the admix- 
ture of a small amount of polyalkylated products, A small amount of {ntermed{ate fractions was obtained, Dis- 
tillation of theso fractions established that they consisted of fsopropylbenzene and dilsopropylbenzene. 


The basic properties of the {sopropy Ibenzene fractions obtained by us, together with the constants for pure 
{sopropylbenzeno, are presonted in Tablo 3, 


From Table 3, it {s seen that the properties of the {sopropylbenzene fraction very closely —— the con- 
stants for pure {sopropylbenzene, 


The structure of this dilsopropylbenzene fraction was established by oxidation of this fraction with a 20% 
solution of nitric acid. Among the oxidation products, terephthalic acid was {solated and identified. We were 
unable to detect other products of the oxidation. Consequently, this fraction of the alkylate cons{sted mainly of 


paradilsopropylbenzens, 


| | 
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PREPARATION OF p-XYLYLENEDIAMINE BY CATALYTIC REDUCTION 
OF TEREPHTHALONITRILE 


L.Kh. Freidlin, Academician A.A. Baland{n.and T.A. Sladkova 


p-Xylylenediamine {s of interest for the synthest!s of high molecular weight polyamides. It was first pre-- 
pared by Listg [1] in the form of the hydrochloride salt by the method of Gabriel by heating p-xylylenediphthal- 
imide with acetic acid and concentrated hydrochloric acid. I.P. Losey and co-workers (2) prepared p-xylylene- 
diamine by the method of Houben from p-xylylene dichloride through the complex compound with hexamethyl- 
enetetramine, -A.M. Sladkov and S.V. Vitt [3] described the synthesis of p-xylylenediamino from p-phenylene- 
acetic acid (1,4-dlacetylbenzene] and hydrazole acid by the Schmidt reaction, A catalytic method for the 
preparation of p-xylylenediamine has not been described in the Lterature, 


In the present work, the preparation of p-xylylenediamine by the catalyuc reduction of commercially 
available terephthalonitrile was studied, The hydrogenation was carried out in an 0.15-Uter rotating autoclave 
in a medium of dioxane and in the presence of ammonta, which was fed from a small, weighed cylinder {nto 
the cooled autoclave {n an amount of 15-20% of the weight of the nitrile. Tho constants of the nitrile were in 
agreement with Uterature data.* Skeletal nickel, cobalt, and fron were used as catalysts. The catalysts were 
prepared by exhaustive extraction of 50% nickel- and cobalt-aluminum alloys and of a 30% f{ron-aluminum al- 
loy with a 10% solution of sodium hydroxide at 90-100°, The initial hydrogen pressure was 90-100 atm, Ab- 
sorption of hydrogen began at 80-85°, During the experiment, hydrogen was fed to the autoclave as absorbed, 
Total hydrogen absorption Ume was 2-2.5 hours. The discharged reaction products were separated from the cat- 
alyst by filtration and, after distillation of the dioxane, were fractionated under vacuum in a strcam of nitrogen. 


Two fractions and the residue were obtained from the distillation. 


The amount of Fraction I did not exceed 5% of the weight of the reaction products, It was a transparent 


liquid; b.p. 82°/3.5 mm and 92°/5 mm; dj° = 0.9406; on = 1.4925. MR 40.80, Calculated for NC-CgHy- 
*CH,NH;, 40.98, 


The main part of the hydrogenation products was Fraction Il, b.p. 113°/3.5 mm and 122°/5.5 mm, which ; 
solidified into a white crystalline mass, Determination of the p-xylylenediamine content of Fraction II was car 
tied out by titration of an accurately welghed sample with hydrochloric acid in the presence of methy! orange. 


0.1357 g of the diamine required 19.30 ml of 0.0993 N HCI for tiation, Theoretical for H,N* HyC-Cgly* CH,- 
* NHg {fs 20.0 mL 


The p-xylylenediamine obtained was readily soluble in water, alcohol, pyridine, and dioxane, The diben- ee 
zoyl derivative melted at 198° after recrystallization from dioxane, According to the Literature, tho m.p. is 194°, 


Found N 8.40, Calculated N 8.14. 


On mixing 10% alcoholle solutions of the p-xylylenediamine and cinnamic acid, white crystals were pre= rs 
cipitated which, after washing with hot alcohol, melted at 231-232°; Mterature value (2) 230°, 


Found C 56,76; H7.09; N11.07. Calculated C 56.69; H7.09¢ N 11.03, 


*We take this opportunity to thank B.V, Suvorova for the gift of the nitrile preparation, 


at 


Cyclohexenylamines were not Isolated. Apparently, the addition of hydrogen proceeds only at the site of 
the nivile group, and the aromauc nucleus fs not hydrogenated owing to blocking of the active surface of the 


catalyst by amines and the nitik. 


In Table 1 are presented the experimental conditions and the amine ylelds obtained, It {s soen from these 
data that the temperature of the experiment has the greatest effect on the yleld of p-xylylenediamine. At 80°, 
the yield of p-xylylenediam{ne was only 28.5%; with an Increase {n temperature to 100°, the ylold reached 
66.8%, but at 135° the yleld dropped to 47.2% A two-fold increase In the amount of catalyst did not chang 
the yield of diamine. 


TABLE 1 


Dinivik, 
moles 


Dioxane, 


ml 


Ammonia, ' Catalyst 


moles 


and {ts wt. 
in g 


Initial hy- 
drogen 
pressure, 


Maximum 
tempera> 
ture, °C 


Yield of 
amine 
fraction, 


Composition of amine 
fraction, wt. % 


atm 


0.2 Ni, 10 80 
0.47 Ni, 80 135 
0,35 Ni, 130° 80 
1.15 M, 95 100 
0.65 85 105 
1) p-aminobenzonitrile, 11) p-xylylenediamine, 


wt. % I 


68.2 1.4 66.8 
51.0 3.8 41,2 
28.5 0,0 28.5 
10.0 5.0 65.0 
68.2 1.5 66.7 


0.195 
0.195 
0.195 
0.195 
0.156 
Note. 


100 


In the exper{ment with the fron catalyst, we were unable to fsolate an amino fraction although 23% of the 
theoretically required hydrogen was absorbed during the experiment. After distillation of the dioxane from the 
reaction products, a viscous, brownish red mass and unreacted dinitile remained in the flask 


The data obtalned show that p-xylylenediamine can be prepared {n high yleld by catalytic hydrogenation 
of tere phthaloniuile, 
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THE ACTION OF HYDRAZINE ON N-ACYL AND N-AMINOACYL 


DERIVATIVES OF DIKETOPIPERAZINES 


Bs N. 
(Presented by Academtctan B. A. Kazansky, September 17, 1956) 


Akimova 


t/ 


We previously studied the action of hydrazine on N,N’ -di (phthalylglycyl) diketoptperazine and showed 
that the action can take more than one direction[1]. The actlon can be: 1) the addition of hydrazine to 

the -CO group of the protective phthalyl group when the reaction {s carried out {n ether or alcohol solution 
in the cold; 2) a splitting off of the phthalyl group on heating {n alcohol; 3) cleavage of the diketop{perazine 
ring with the formation of a phthalylut peptide hydrazide without breaking the acyl bond, 


Still another specific property of hydrazine, {ts ability to act as an acceptor of acy! and imag 
groups of diketop{perazines, was found In the present work, In the reaction of hydrazine both with acylated 
and am{noacylated diketopf{perazines, transacylation and transam{noacylation occurs accompanted by regen- 
eration of the free diketop{perazine. This reaction (1) proceeds in the cold almost immedfately with the ad- 
dition of the hydrazine to the respective diketcp{perazine derivative in alcohol, ether, or chloroform, Thus, 
hydrazine can serve as a unfque reagent for the presence of N-acyl- and N-ami{noacyl type bonds tn diketo- 
piperazine derivatives, 


N— COCHNHR 


RHC/ SCO 
4 2NH, NH; 
ocl JcuR 


N — COCHNHR 


+ 2R'NHCHCO — NH — NH;. 


The first use of hydrazine as a structural reagent ts found in the work of Stoll and co-workers (2) who 
used tt in establishing the structure of ergot alkaloids, The action of hydrazine on the molecule of these com- 
pounds led the Investigators to the establishment of both the diketop{perazine structure and the presence of 
an N-aminoacy] type bond, In 1956, Brockmann and co-workers (3) fsolated d,l-N-methylvalylsarcosine 
anhydride and propylvaline anhydride when they subjected actinomycin to hydrazine cleavage, 


EXPERIMENTAL 


1. The actlon of hydrazine on derlvatives of phenylalanine anhydride: a) the action on -dlacetyl- 
phenylalanine anhydride, 0.5 g of dlacetylphenylalanine anhydride was dissolved in 10 ml of chloroform, 


: 
: NH R : 
NH 
143 


To the clear solution was added 0.2 ml of hydrazine hydrate, The prectpltate, which formed on standing, was 


filtered and washed with alcohol. According to the m.p. of 301° and the analytical data, this compound was 
phenylalanine anhydride, : 


Found Sz C 73.35; 73.20; H 6.26; 6.38; N 9.71; 9.72 (Dumas) CyHyN,O,. Calculated %: C 13.43; 


Acetyl hydrazide (4) was {solated from the chloroform filuate. M.p. 67°. 


b) The action oa N.N° -df(phthalylglycyl)phenylalanine anhydride, 0,1 ml of hydrazine was added to 
0.1 g of di(phthalylglycyl)phenylalanine anhydride dissolved in 10 ml of chloroform, After standing an hour, 
the precipitate was filtered, washed with absolute ether, anc dried in a vacuum dessicator, Weight 0,014 g, 
M.p. 301°. According to Hterature data (5}, m.p. 301°, The precipitate was phenylalanine anhydride. 


Phthalylglycyl hydrazide, precipitated by concentration of the chloroform filtrate, was hydrolyzed with 
10%, HCl for 26 hours. A paper chromatogram (solvents: butanol, water, acetic acid) showed only glycine, 
Thus, the reaction proceeds quantitatively according to{1}. 


Found N 23.98 Calculated %: N 24.13, 


c) The action on N,N*- di(phthalylalanyl)phenylalanine anhydride, To a solution of 0,1 g of d{(phthalyl- 
alanyl)pbenylalanine anhydride in 10 ml of chloroform was added 0.1 ml of hydrazine, The precipitate was 
washed with absolute ether to remove the hydrazine, The precipitate was dried, Welght 0,013 g. M.p. 301°, 
The substance {solated was phenylalanine anhydride. After hydrolys{s of the compound obtained from the 


chloroform filtrate, a paper chromatogram showed only one amino acid — alanine, Thus, the substance was 
phthalylalanyl hydrazide, 


Found %: N 17,91 Calculated %; N 18.02, 
The reaction proceeded according to[1}. 

4) The action of N,N‘ -di(phthalylvalyl)phenylalanine anhydride, To 0.5 g of di(phthalylvalyl)phenyl- 
alanine anhydride were added 5 ml of absolute alcohol and 0,12 g of hydrazine hydrate, After 5 minutes, the 
originally clear solution became turbld, Precipitation was complete after 15 minutes, After standing an hour 


at room temperature, the precipitate was filtered and washed with alcohol, M.p. of the substance was 301°, | 
The yleld was 0.9 g, f.e., theoretical calculated for phenylalanine anhydride. 


Concentration of the alcohol filtrate gave phthalylvaly! hydrazide, 
Found %%: N 15.89 (Dumas).Cy,Hy,0,N3. Calculated %: N 16.07. 


After hydrolys{s of this compound, a paper chromatogram {indicated the presence of a single am{no acid —val- 
fine. 


¢) The actfon on N,N* -di(phthalylleucyl)phenylalanine anhydride, 0,12 g of hydrazine hydrate was 
added to 0.5 g of N,N‘ -di(phthalylleucyl)phenylalanine anhydride dissolved in 10 ml of absolute chloroform. 
After 5 minutes, the {nitlally completely clear solution crystallized, After a lapse of 10 minutes, the pre- 
cipitate was filtered and washed with alcohol to remove the hydrazine hydrate, M.p. 300-301°, The yleld 


was quantitative calculated for phenylalanine anhydride, Paper chromatographic analysts of the hydrolyzate 
of the substance {solated from the alcohol filtrate showed only teucine, 


Found %: N 15.31 (Dumas),Cy,HyO,Ny. Calculated %: N 15.26, 


2. The action of hydrazine on derivatives of plycine anhydride: a) the action on N,N‘ -dlacetylglycine 
anhydride {n a medium of absolute ethyl alcohol, To 1.0 g of diacetylglycine anhydride (6) in 15 ml of al- 
cohol{ dissolved by heating) was added 0.39 g of hydrazine, The reaction was accompanied by vigorous evo- 
lution of heat and quantitative precipitation of glycine anhydride (0.5 g), M.p. 316°. On concentration of 
the alcohol filtrate, acetyl hydrazide was precipitated, M.p. 66-67%, Literature data, 67° (4). 


b) The action on N,N’ -dlacetylglycine anhydride in a medium of absolute ether, To 1,0 g of dlacetyle 
glycine anhydride {n 30 ml of absolute ether was added 0,39 g of hydrazine with intense cooling and agitation, 


“ty 

H 6.17; N 9.53. 

: 


On standing for 30 minutes, a precipitate formed which was filtered and washed with ether. M.p. 316°, 
Found %: N 24.37 (Kjeldahl),.C,H,0,N,. Calculated %: N 24.56, 


The yleld was 0.5 g, f. €., theoretical calculated for glycine anhydride, From the ether filtrate was fsolated 
acetyl hydrazide, M.p. 67°, Literature value 67° (4). 


¢) The action on N-acetylplycine anhydride in alcohol, 0.5 g of monoacetylglyctne anhydride (7) was 
dissolved with heating {n 20 ml of alcohol, To the cooled solution was added 0.2 g of hydrazine. A precipi- 
tate formed Instantly; {t was filtered and washed with alcohol. According to {ts m.p. of 316° and Its proper- 
ties, ft was glycine anhydride. Acetyl hydrazide [4] was fsolated from the filtrate, 


d) The action on N,N* -d{(phthalylleucyl)slycine anhydride, 0.5 g of 
anhydride and 1.6 ml of a 1 M alcoholic solution of hydrazine hydrate were heated in 6 ml of absolute alco- 
hol for an hour, The solution was cooled to room temperature, and the precipitate was filtered, washed with 


alcohol, and recrystallized from hot 50% alcohol, By paper chromatography after hydrolysis, the substance 
was {identified as phthalylleucyl hydrazide, 


Found N 15,19 (Dumas), C,,H,;O,N;. Calculated %: N 15,26, 


The part of the precipltate which did not dissolve during the alcohol treatment was glycine anhydride, accord- 
ing to {ts m.p. of 316° and {ts properties, 


e) The action on N,N° -d{(phthalylalanyl)glycine anhydride, The reaction with hydrazine was carrled 
out as described for di(phthalylleucyl)glycine anhydride. Glycine anhydride was precipitated; phthalylalanyl 
hydrazide was precipitated from the filtrate. The latter compound was characterlzed by paper chromatogra- 
phy of the hydrolyzate and by {ts {dentity with the phthalylalanyl hydrazide fsolated {n Reaction 1c, A mixed 
sample of these hydrazides melted without depression of the melting point, 


M,. V. Lomonosov Moscow. 
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SYNTHESIS OF POLYORGANOSILOXANOALUMINOXANES AND 


POLYORGANOSILOXANOTITANOXANES 


‘K. A. Andrianov, Associate Member of the Academy of Scfences USSR 
A. A. Zhdanov, N. A. Kurasheva and V. G. Dulova 


The development of the idea of the framing with organic groups of mineral chains of molecules butlt 
up from atoms of s{llcon, oxygen, and metals has led to the synthesls of a large group of new polymers, Along 
with the widely described organos{licon polymers, there are in the Iterature well-known methods for the 
preparation of polyorganoalum{nosiloxanes (1), polyorganoborosfloxanes (2), polyorganotitanostloxanes (3}, 
polyorganostannosfloxanes (2), and certain other polymers, The use of trlalkylsiloxane radicals, RsSiO—, as 

* framing groups,led to the synthes{s of polymers whose molecular chains consisted of aluminum and oxygen 
(analogous to the three-dimenstonal polymer corundum) and of polymers with molecular chains of titantum 
and oxygen (analogous to the molecular chains of {norgantc polytitanates). 


In the present communication are described general processes for the synthes{s of polymers with molecu 
lar chains of the following structures: 


Polymers with similar molecular structure have not been described up to the present time, although the 
search for routes of synthesls of such polymers and a study of thetr propertles are of definite interest. 


As starting materials for the preparation of the {Indicated polymer we used nonacthylalum{noxytlsflox- 
ane (a crystalline materfal melting at 159°) and dodecamethyltltanoxytetrasfloxane (a liquid with a b.p. of 
110°/10mm), These monomers were synthesized by us according to the following reaction schemes: 


6(C,H,)sSIOH 2Al Al + 3H; 
4(CH,)sS1ONa + TiCl, + 4NaCl 


Asa basis for the polymer formation reaction, ft was assumed that Si-O-Al- and S{-O-Ti-bonds would un- 
dergo hydrolytic cleavage, and that hydroxyl-contaf{ning compounds would have a tendency toward the formas 
tion of metal-oxygen bonds with the liberation of water, On heating nonaethylalum{noxytristloxane at 165- 
170° while passing molst afr through ft, the {nftlally crystalline material was gradually converted to a polymer, 
the viscosity of which Increased with an Increase {n heating time, Hexaethyldistloxane and tlethylstlanol 
were formed as by-products during the reaction, Analysts of the polymer showed that ft contained 13,15% Al 
and 18.56% S{, while the nonacthylaluminoxytrisf{loxane contained 6.41% Al and 20,00% Sl, end a polymer 
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baving the unit formula -[OA1(OSKC,Hs))])-would contain 16,10% St and 15.48% Al, 


The process of formation of the polymer can be represented as followss 


—— O —— + H,N. 


ote. 


Along with the indicated reactions, oxidation of an ethyl group connected to the s{l{con atom can occur dur- 
ing the condensation at high temperature; this leads to an Increased S{ content of the polymer. The above 
course of polymer formation was confirmed by data on the hydrolysis of nonacthylaluminoxytulsfloxane tn di- 
lute solutions with an Insufficlent amount of water, By hydrolysis of nonaethylaluminoxytristloxane at 20° it 
was established that the viscosity of the solutions continuously increased with time and with an increase {n the 
amount of water used in the reaction, In the Initlal stage, the reaction proceeds fn the direction of the for- 
mation of Hnear oc cyclic polymer molecules without appreclable branching, This fs confirmed by the solu- 
bility of the polymers In organic solvents, Only with the attainment of a definite degree of polymerization 
did the reaction deviate tn the direction of the formation of a branched, cross-linked, and three-dimensfonal 
structure, and the polymer became Insoluble and the solution gelled. Data obtained during the hydrolysis of 
nonaethylalum{noxytlsiloxane with water fn dilute solutions are presented belows 


Number of moles of water per ee - Time of gelling of solution 
mole of nonaethylaluminoxy- in minutes 
trislloxane 

2.32 12960 

2.80 

3.27 

3.73 


It can be seen from these data that, with an Increase {n the amount of water used {n the reaction, the 
time to the beginning of the formation of a structure of the polymer was sharply curtalled, since the probabil- 
{ty of branching of a molecule of the poly:mer depends on the amount of water {n the reaction, as can be seen 
from the reaction scheme presented above. 


Dodecamethyltitanoxytetrasfloxane did not form the dimer when heated in acetone with 0.5 mole of 
water at 50° for 3 hours. Almost quantitative recovery of the monomer was obtained by distillation of the re- 
action products. The Introduction of acld catalysts and a water content of more than 1 mole per mole of do- 
decamethyltitanoxytetrasiloxane led to the formation of polymer, 


Hexamethyldistloxane and timethyls{lanol were {solated as by-products of the reaction, In the initial 
stage of the hydrolysis, polymers were formed which were soluble {n organic solvents, but with further heating 
with an excess of water {t was possible to obtaln an Insoluble polymer, The formation of polymeric products, 
hexamethyldisfloxane and trimethylsflanol,durtng the reactlon,shows that the dodecamethylt{tanoxytetrasil- 
oxane was hydrolyzed and converted to polymer according to the following schemes 


4+ H,O -+ {(CH,),S10], TIOH 4 (CH,),SIOH 


S\(CHs),  OSI(CH,), ete. 


The polymers obtained were spluble tn benzene, toluene, chlorobenzene, and mixtures of these solvents 
_ with alcohols, Application of the solution of the polymer to the surface of metals and evaporation of the 
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solvent forms solid films, Using the described method of framing mineral molecular chains with trialkylstl- 
oxane groups, we have now developed a method for the synthesis of polymers containing {n the main chain 
oxygen atoms and atoms of elements of Groups III and IV of the perlodic system. 
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- INVESTIGATION OF THE PROPERTIES OF O-PEPTIDES OP 


B-HYDROXYAMINO ACIDS 


ON THE ENZYMATIC SYNTHESIS OF PEPTIDES FROM O-PEPTIDES 


_ OF B-HYDROXY AMINO ACIDS 


M. M. Botvinfk and S. M. Avacva 
(Presented by Academician A, N. Nesmeyanov, September 13, 1956) 


O-peptides (esters) of B-hydroxyamino acids are chatacterlzed by the presence of an amtno group tn 
the alcohol radical and by thelr ability to undergo Intramolecular ammonolys{s, which proceeds spontan- 
eously 


R—CH—CO—0— CH CH— on R’—CH—CH— COOH 


We have shown that such a rearrangement can also proceed intermolecularly. The reaction of O-pep- 
tides of N-benzoylserine with ammonfa and the ethyl ester of glycine ylelds the corresponding amides and 
peptides of the corresponding benzoyl! derivatives of the amino acids: 


R—CH—CO—O—CH—CH—COOH + NH,— CH; — COOC,H, = 
HCOC,H, 
=: CSH,CONHCH — CO — NHCH,CO,C,H,. 


Thus, tn this reaction the O-peptides are transfer agents for the amino acid radicals and partictpate tn the 
synthesis of new peptides, It can be assumed, although there {3 no real proof ee this, that a similar reaction 
can take place {n nature, 


In the present work, {t was established that this reaction proceeds eet: readily under the influ- 
ence of chymotryptin, 


Experiments were carried out with N-benzoyl-O-(benzoyl-D,L-phenylalanyl)-D,L-serine (1), N-benzoyl- 
O-hippurylserine (II), and N-benzoyl-O-(benzoyl-D,L-phenylalanyl)-D,L-threonine (II). Ethyl ester of gly- 
cine was used as the amino acid acceptor, The reactions with derivatives of phenylalanine proceeded very 
rapidly in the presence of chymotrypsin, and the ethyl ester of benzoyl-L-phenylalanylglycine precipitated 
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over a pericd of 10-15 minutes. The reactions with derivatives of hippurtc ac.d (2) proceeded slowly, and the | 
ethyl ester of benzoylglycylglycine prectpltated tn 15% yleld only after concentration of the solution, In cone 
trol experiments without the addition of the enzyme, the salt of N-benzoyl-O-peptide with the ethyl ester of 
glycine precipitated in only small amounts after long standing. With the addition cf chymotrypsin to the con 
trol experiment, the reaction proceeded normally, 


With the alm of verifying that the reaction of the O-peptide with the glycine ester proceeds under the 
influence of the enzyme, an experiment was carrfed out {n the presence of a chymotrypsin {nhibitor—di{sopro- 
pvl Muorophosphate, The reaction did not go in this case. After the addition of a fresh portion of chymotryp- 
sin, rapid precipitation of the ethyl ester of benzoylphenylalanylglycine was observed. A similar experlment 
with crystalline trypsin gave the same results, 


Considering the question of routes for the synthesis of peptides, Brenner (2} surmised that esters of amino 
acids could serve as Intermediate compounds In this process. He demonstrated that esters of meththfonine and 
threonine are converted by the action of chymotrypsin {nto esters of the corresponding peptides, A similar ob- 
servation was made by Tauber (3) on the ethyl ester of phenylalanine, and in 1954, Karganova and Orekhovich 
[4] carrled out a systematic investigation of this reaction, Enzymatic synthesis of peptides from esters of aml 
no acids was demonstrated by thelr exper{ments, However, these Investigations were carried out with esters 
of amino acids whose formation in nature ts improbable. On the contrary, the esters of O-peptides of B-hy- 
droxyamino actds investigated In the present work could be analogs of compounds formed {n the process of the 
decomposition and resynthests of albumi{ns, 


EXPERIMENTAL | 
1. The reaction of N-benzoyt-O-(benzoyl-D,L-phenylalanyl)-D,L-serine with the jin ester of ediia. 


a) In the presence of chymotryps{n.® 500 mg of N-benzoyl-O-benzoylIphenylalanylscrine was dissolved 
{n hot alcohol, neutralized with the calculated amount of 1 N sodium hydrox{de, and mixed, {n the presence 
of 2 ml of phosphate buffer (pH 7.9), with a solution of 700 mg of the hydrochloride of the ethyl! ester of gly- 
cine {n an equivalent amount of 1N alkalf, To the reaction mixture (pH 8.1) was added 3-5 mg of chymo- 
_ trypsin, After 3-5 minutes, precipitation of long needles began. After 8-10 minutes, the precipitate was fil- 
tered and recrystallized from aqueous alcohol, The yleld of the ethyl! ester of benzoyl-L-phenylalanylglycine 
was 80 mg, 24% calculated on the racemate and 50% calculated on the L-antipode of ne M.p. 
148-149°, Calis = 63,74 2.2, 


Found %t C 67,76; H 6.42; N Calculated C 67.79; H 6.21; N 7.92, 


Further precipitation of the ethyl ester of benzoylphenylalanylglycine was not observed after oe 
standing of the mother Iquor or on the addition of a fresh portion of the enzyme, 


>) Control experfment without enzyme, 400 mg of N-benzoyl-O-benzoyl-D,L-phenylalanylserine was 
dissolved tn hot alcohol, neutralized with the calculated amount of 1N alkall, and mixed, fn the presence of 
2 ml of phosphate buffer (pH 7.9), with a solution of 560 mg of the hydrochloride of the ethyl ester of glycine 
{n an equivalent amount of alkall, The slightly turbid reactfon mixture did not change over a perfod of sev- 
eral hours. The salt of N-benzoyl-O-benzoylphenylalanylserine with the ethyl ester of glycine precipitated 
after 18 hours, M.p. 147-148°, It was readily soluble in water, A ninhydrin reaction was positive, — 


Found %: NH, 2.52 (ammine nitrogen by Van Slyke method), Calculated NH, 2.48. 


The ethyl ester of benzoyl-L-phenylalanylglycine ieee with the addition of chymotrypsin to the 
mother liquor, 


c) In the presence of dilsopropyl Muorophosphate, 300 mg of N-benzoyl-O-(benzoyl-D, L-phenylalanyl)~ 
serine was reacted with 420 mg of the hydrochloride of the ethyl ester of glycine as described above, To the 
reaction mixture was added 3-5 mg of chymotrypsin which had been previously (2 hours) mixed with 2 mi of 
phosphate buffer and a drop of dilsopropyl fluorophosphate, The solution remained clear for 18 hours, The 


© For the characteristics of the chyrhotrypsin see (6), 
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addition of a new portion of enzyme led to the slow (3 hours) prec{pftation of small amounts of the ester of the 
Gipeptide, The yleld of the ethyl ester of benzoyl-D,L-phenylalanylglycine was 15 mg. M.p. 148-147", 


d) In the presence of crystalline trypsin, 100 mg of N-benzoyl-O -(benzoyl-D,L-pheny!alany!)serine was 
reacted with the ethyl ester of glycine as described above, To the solution was added 3 mg of trypsin, Pre- 
cipitation began after 3-4 hours, and the precipitate was filtered after 18 hours, The ethyl ester of benzoyl-L- 
phenylalanylglycine melted at 145-146", The yleld was 10 mg. 


2, The reaction of N-benzoyl-O-(benzoyl-D,L-phenylalanyl)-D,L-threonine with the ethyl ester of ply- 
cine In tue presence of chymotrypsin, 


The reaction was carried out with 250 mg of N-benzoyl-O-~benzoyl-D,L-phenylalanyl)-D,L-threonine 
and 250 mg of the hydrochloride of the ester of glycine under the conditions described above, 25 mg of the 
ethyl ester of benzoyl-L-phenylalanylglycine was precipitated after 10 minutes. M.p. 148-148.5°, A mixture 
of this preparation with the substance precipitated in the experiments with the O-peptide of serine melted 
without depression of the melting point, 


3. The reaction of N-benzoyl-O-h{ppuryl-D,L-serine with the ethyl ester of glycine, 


&) In the presence of chymotrypsin, 350 mg of N-benzoy]-O-hippurylserine, dissolved in alcohol, was 
treated with 1 ml of 1 N NaOH in the presence of 2 ml of phosphate buffer, mixed with a solution of ~70,0 mg 
of the hydrochloride of the ethyl ester of glycine {n 5 ml of NaOH, and 3-5 mg of chymotrypsin was then add- 
ed, After 24 hours, the reaction mixture was concentrated to a small volume, and the precipitate was recrys- 
tallized from water, The m.p. of the ethyl ester of benzoylglycylglycine was 114-116°, Literature value, 
117°[5}. The yield was 20 mg. 


b) Control experlment without the enzyme. 170 mg of N-benzoyl-O-hippurylserine and 350 mg of the 
ethyl ester of glycine were treated as indicated above but without the addition of the chymotrypsin, After con- 
centration of the solution (after 24 hours), the salt of benzoyl-O-hippurylserine with the ethyl ester of — 
was precipitated, 


SUMMARY 


Using N-benzoyl derivatives of O-benzoyl-D,L-phenylalanyl-D,L-serine, O-benzoyl-D,L-phenylalanyl- 
D,L-threonine, and O-hippuryl-D,L-serine, {t was shown that the O-peptides of B-amino acids can serve as 
transfer agents for the amino acid radical during enzymatic synthests of peptides, 


We express our apprecfation to Prof, S. R, Mardashev and M, P. Cherntkov for the gift of the crystalline 
trypsin and the chymotrypsin, 
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ON THE SOLUBILITY POLYTHERM OF THE SYSTEM 


(CaCO, + MgSO, == CaSO,+ MgCO,)—H,O 


O. K. Yanatyeva 
(Presented by Academiclan G, G. Urazov, September 19, 1958) 


The spectfic character{stics of the rec{procal system (CaCO, + MgSO, == CaSO,+ MgCO,)—-H,O 
necessitated a special approach to {ts study, The method used, {sothermal solution of salt mixtures (1) 
obviated the possibility of the formation of metastable phases {n the system (bas{c salts of magnestum, tri- 
hydrate, aragonate, etc.), which complicate the Investigation, Gradual, although very lengthy, fsothermal 
solution of prepared mixtures of dolomite with the salts of the system with continuous mixing and with main- 
tainence of the specific conditions of the experiment permitted determination of the overall picture of the 
equilibria and of the conditions of stable existence of dolomite (CaCO,-MgCO,) In the system at temperatures 


of 0, 25, 55, and, incompletely, 70°,and at a partial pressure of carbon dioxide of about one atm; in addition, 
the Isobar CO,~0,0012 atm. was studied at 25°, 


A tetrahedral prism was used for graphical representation of the results of the Investigation; temperatures 
were plotted on the: edges, and on the base (square) were plotted the compositions of the solutions expressed in 
per cent according to the method of Janecke and with Ca’*+ Mg*= 100 and 2HCO, + SO{ = 100, 


The {sotherms at 0, 25, 55, and 70°, presented {n Figure 1, are sections through the prism, and the lines 
a and b are polythermal projections corresponding to the s{multaneous crystallization of the three phases, Both 


of these curves, which limit the regton of existence of dolomite tn the polythermal projection, gradually 
approach each other with an Increase in temperature, 


TABLE 1 


Solubility of the System (CaCO,+ MgSO, == CaSO,+ MgCO,)—H,O at 25° 


Solution compositions 
mM In 1000 g of solution | Janecke composition % 


Point No, 


Solid phase 
(HCO,p| SO, (HCO,) 


100.0 dolomite (d) # calcite 


d+ calcite 
d + calcite ¢ gypsum 


d+ 
: d + magnesite ¢ gypsum 


62 calcite + gypsum 


| 
| 
| | 
a 
: 
fo} 
M 
4 | 8.40, 4.18] 9.28) — | 87.28] 42.72 
0.0012] 0.30] 0.94] 4.36 — | 28.681 71.321100.0) — 
4 | 24.10, 4.07] 9.03] 13.14] 95.17] 4.83] 40.73] 59,27 
0.0012] 45.33] 2.58! 0.39] 17.52] 85.60] 14.40] 2.48] 97.22 
4 | 2.50] 44.26] 13.76) — | 48/47] 81831000] — 
.0012} 0.32) 1:20) 4.52) — | 21:05] — 
4 | 24.08) 17.31] 15.95] 22.44] 54.87] 45.13] 41.50] 58, 3? 
0.0012) 15.47] 3,53] 0.47] 18.53 81.42) 18.58] 2,48] 97,5 
20.47} — 7.52] 12.951100.0 36.74] 63, 
10.0012} 15.97] — | 0.381 15.59|100.0] — 2.36] 97! 
; 


A study of the Lsotherms at 25° at a low partlal pressure of CO, (about 0,0012 atm ) showed that with a 
mutual sharp drop In the solubilfty of all of the carbonates of the system (see Table 1), the dolomite field of 
the carbonates becomes a minimum (Figure 2,1) and many times smaller than for the CO, fsobar for 1 stm 
(Figure 2, 2); the polybaric projections c and d, with an Increase In Pco,. approach each other similarly to 
Curves a and b of Figure 1, and the overall form of the two diagrams (polythermal and polybaric projections 
of the system) are completely monotypic (Figures 1 and 2), Consequently, varying the experimental condl- 
tions led us to the same, mutually confirming results; the reglon of dolomite crystallization {n the system de- 
creased with an increase in temperature or a decrease In Poo,, {ts maximum dimenstons being obtained at 


temperatures between 30 and 45° (see Figure 1), which, obviously, must be the most favorable conditions for 
the synthesis of dolomite, 


Co(HC0,), Ca(HC0,), CaSO, 
100 


ca Co C0; 


2 


“Dolomite 


ulfate 


lctum 
magnesium sulfate 


25 = 
mg (HCO), MgSO, 
Fig. 1. Solubilfty polytherm of the system (CaCO,+ Fig. 2. Solubility polybaric projections of 
MgSO, == CaSO,+ MgCO,)—H,O at Poo. ~1 atm, the system (CaCO, + MgSO, == CaSOy+ 
a—dolomite + calcite + calcium sulfate, b—dolomite+ MgCO;)—H,O at 25° 1-~ 0,0012 atm, 


+ magnesite + calcium sulfate, 2-~1 atm Po »¢ ~dolomite + calcite + 
gypsum, d—dolomite + magnesite + gypsum, 


CaS0, Ca(HC0;), 


Mig (HC0;), Mg 


Fig. 3. Scheme of the evolution of the structure of 
the solubility diagram of the system (CaCO,+ MgSO, =™ 


= CaSO,+ MgCO,)—H,O with a successive increase fn 
temperature, 


4 
magnesite 
=. 
“as 


Gradually decreasing with temperature, the region of calcium sulfate changes Insignificantly (see — 
1) after the dehydration of gypsum (about 70°), but ft acquires {ts min{mum dimenstons at 25° and P 
~0,0012 atm, f.e., at low temperatures and low values of Po o{Figue 2,1). The dimensfons of the ne 
field in the system at 25° depends, to a considerable extent: Se ‘he magnitude of the partial pressure of CO,; 
depending on the varfation in the latter and the corresponding changes in carbonate solubility, the gypsum 
wedges in at the region of the three carbonates, then wedges out, mutually interstratlfying with them under 
the polybaric (and polythermal) conditions considered (Figures 1 cnd 2), 


However, these parageneses of gypsum with the carbonates can be disrupted with an Increase in temperas 
‘ture, Curves a and b, Judging from thelr course (see Figure 1), at a specific (higher) temperature will intersect 
at the point of invariant equilibrium of the system; the overall formation and character of the solubility dia- 
gtam change correspondingly, Figure 3 gives an {dea of the possible evolution of the snucture of the diagram 
under the Influence of temperature; our graphic diagrams J and II are {n complete agreement with the princi- 
ple of conformity of Kurnakov and the phase rule, and aro also In good agreement with the equations which 
are the geometric basts of the structure of diagrams of Mquidus reciprocal systems (2), The invarlent point d 
(Figure 3, I) corresponds to the simultaneous crystallization of four phases (the maximum number of phases in 
the system): dolomite, calcite, magnesite, and calcium sulfate; dolomite, calcite, magnesite and calcite, 
magnesite, calcium sulfate, respectively, exist at the triple points u and k (Figure 8, I), and the univarfent 
line u-k limits the adjacent fleld of the two carbonates—calcium and magnesium carbonate. In other words, 
the evolution of the solubility diagram of the system under polythermal conditions must agree with the dis- 
appearance of the paragenes{s of dolomite with calclum sulfate and with the appearance of a new paragene- 
sis—calcite with magnesite; it {s evident that with an increase in Poo, in place of the points of intersection 
uand k (Figure 8, I), there will be Ines of crystallization of these same salts, 


The results of the Investigation of the polytherm of the system (CaCO, + MgSO, CaSO,+ MgCO,)— 
-H,O are of theoretical interest and shed light on a number of questions of the goochemi{stry of the sedimen- 
tary carbonate -sulfate rocks, 


N. S. Kurnakov Institute of Received September 17, 1956 
General and Inorganic Chemistry 


Academy of Sclences USSR 
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SYNTHESIS OF *3-ONE 


G. S. Grinenko and V. I, Maksimov 
(Presented by Academician I, N. Nazarov, September 20, 1956) 


In the course of our work on the synthests of polycyclic compound: having a strictly specific steric con- 
figuration of the rings, we synthesized trans-A“?-steradien -3-one (IX; R=H) according to the following 
schemes 


e 
HOOC-—CH, HOOC 
Hy, P4/ cram, 
ou” 
cH, CH, cH c 


£1,€,,0H CH,CO—CH=CH, 
MH, 


cH 


The {initial 3-{p-methoxyphenyl)-A?- cyclopenten -1-one-2-acetic acid (I), which we prepared by the 
method of Robinson (1), had a melting point of 145,5-146°. (Found %; C 68,12; H 5.76, CyHy,0,. Calcula- 
ted %: C 68.26; H 5.74), Robinson and co-workers (1) and Turner reported for {t a m.p. of 133°, In accord 
ance with the Iterature data, the methyl ester of this acid melted at 88-89°, 


The acid melting at 145,5-146° was obtained by saponification of the methyl ester. The ultraviolet 
spectra of the acid( C2H;OH my, 301 my; log € = 4.04; 4.33) and of methyl ester 
= 228 mu. 301 my; log = 4,03; 4.35) are characteristic of o,B -unsaturated ketones conjugated with an 
aromatic ring 


Hydrogenation of the double bond In acid I in alkaline and neutral media In the presence of palladium 
on calcium carbonate at 3-5 atm and room temperature led to the formation of trans-3-(p-methoxyphenyl) 
cyclopentan-1-one-2-acetic acid (f1) with a m.p. of 106,5-107.5° (yleld 77%, Found %: C 67,73; H 6,55; 
CyHy,0,. Calculated %s C 67,72; H 6,49), cls-2-(p-methoxyphenyl)cyclopentan-1-acetic acid (X) with a 
m.p. of 73-74° (yield 8.5%, Found %: C 71.72; H 7.68, Cy,Hy,0;, Calculated %: C 71.77; H 7.74), and the 
lactone of acid (XI) with a m.p. of 67-68° (yleld 
5.8%. Found %: C 72.30; H 6.97, CyHyO,, Calculated %; C 72,39; H 6,94), 


Hydrogenation of I in acfd medium tn the presence of palladium on-carbon or barlum sulfate at atmos- 
pheric pressure and room temperature gave exclusively the cis-acid X with a m.p, cf 73-74°, 
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Cleminensen reduction of the trans-keto acid If led to the formation of a trans-acid (IM; R =H), m.p, 
$$-56°,the diastereolsomer of the acid prepared by the catalytic hydrogenation (Cy,Hy,03). Found %: C 72,50; 


H 7.63, 
HOOC-CH HOOC 
+ 
HOOC 


Inuamolecular acylation of the cls-acid (X) and the trans-actd (111; R =H) was carrled out by three 
methods: by the action of polyphosphoric acid, by the action of hydrogen fluoride, and by Friedel-Crafts, 
From the cfs-acid, in all cases,was obtained in quantitative yield 
2,3,4-tetrahydronaphthalene (XV), m.p. 27-29° (4 = 250my, log =3.8, Found C 77,82; H 7.57, 
CyHyO,. Calculated %: C 77,75; H 7.44), and from the trans-acid was obtained the trans-tricyclic ketone 
(IV; R= H) in 70% yleld, m.p. 95.5-96.5° CiH5OH my, log ¢ =3,8, Found %: C 17.47; H 1.51), The 


great tendency toward cyclization ofthe cls-lsomer(X) in comparison with the trans-fsomer (III; R= H) {fs ex- 
plained by the lower strain of cls-hydrindane (4), ' 


cH, - Ch, Xva wo 


Reduction of the aromatic ring in cls-ketone XV and in the trans-ketone (IV; R= H) by the method of 
Wilds (5}, lithtum fn Hquid ammonta and alcohol, did not go even when 50 equivalents of Mthium was used, 
Reduction of the carbonyl group In the cls- and trans-ketones gave quantitative ylelds of the cormesponding 
els-alcohol (XVI), m.p. 712-73°, (Found %: C 76.82, H 8.23, C,Hy,0,. Calculated %: C 77,02; H 8,30) and 
trans-alcohol (V; R=), m.p. 92-93%. (Found 4: C 77.18; H 8.36), Reduction of the aromatic ring in these 
alcohols using 30 equivalents of Hthium proceeded with the formation of 80% dihydro derivatives (VI, R= H 
and XVII), the amount of which was established from ultraviolet spectra, An increase {n the amount of Hth- 
{um to $0 equivalents led to quantitative ylelds of VI(R=H) and XVII. Reduction of the aromatic ring was 
accompanted by hydrogenolysts of the a-hydroxyl group, Conversion of VI(R=H) and XVII to the a,B -unsat- 
urated ketones VII (R= H) and XVIII by saponification of the enol ether and fsomerization was carried out by 
a short heating with a dilute solution of hydrochloric acid, Trans-1,2-cyclopentano-A®-octalone -6 (VII; R= H) 
m.p. 54-55", was obtained (A “45, = 29 ny, loge = 4,37. Found C 81.86; H 9.34. CyHy,0, Celcula- 
ted %: C 82,00; H 9.53), its 2,4-dinftophenylhydrazone melted at 202-203,5°, The corresponding cis-fsomer 
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had a b.p. of 107-111" at 0.55 mm (a 244 my, loge = 4.38, Found C 82.05; H 9.45), 
its 2,4-dinitrophenythydrazone melted at 173-175", The a,B -unsaturated ketones, which contained a secon- 
dary-tertlary double bond, had 240 mp (on the basls of Woodward's rule (6), 


We carried out the formation of ring A under the conditions described by Miescher, Anner and Wieland 
(7). The condensation of trans-1,2-cyclopentano-A*-octalone-6 (VII; R=H) with methyl vinyl ketone pro- 
ceeded in the presence of sodfum ethylate {n alcohol-dloxane solution at a temperature of to-10°, The 
aldol obtained (VIII; R= H) was easily separated from the orlginal ketone (VII; R= H) and from the excess 
inethyl vinyl] ketone by chromatographing ovet aluminum oxide. On heating the aldol (VIII; R= H) with a: 
methanol solution of sodium hydroxide, dehydration took place with the formation of the a ketone 
(IX; R=H), which was tsolated {n the form of an ofly material with the absorption maximum 
my. log ¢ = 4.47, which fs characteristic of such conjugated dlenones, The trans-A“® -steradlen-3-one was 
characterized as the 2,4-dinitrophenylhydrazone with a m.p. of 253.5-254°, (Found %s C 64.94; H 6.22; N 3.16, 
CrHyNO,. Calculated %: C 65.38; H 6.26; N 13.26.) 


With the alm of preparing the tricyclic ketone IV containing oxygen as the substituent R {n the 1-posf- 
tion, which corresponds to the 17-position in the sterold molecule, we carried out the cyclization of the trans- 
keto acid (II) and the ethylene acetal of this acid, Intramolecular acylation of the trans-keto acid was care 
ried out by two routes, by Friedel-crafts reaction and with hydrogen fluoride, However, In place of the expec 
ted tricyclic ketone (IV; R=), we obtafned the enol lactone XIV, {n 10-15% yleld by the first route and {fn 
35% yleld by the second route, in the form of an ofly materfal with a b.p, of 148-150° at 0.35 mm (A C,HsOH, 
275 my, log € =3.02, Found %: C 72.87; H6.21. Cy,Hy,O;. Calculated %: C 73.02, H 6.13), This lac- 
tone was stable toward a solution of soda and alkalf at room temperature, but on continucd (14 hours) boiling 
with alcoholic alkal{, the rlng opened with the formation of the original trans-keto acid 11, 


The ethylene acetal of trans-3-(p-methoxyphenyl)cyclopentan-1-one-2-acetic acid (XIX) was prepared 
by alkaline saponification of the corresponding methyl ester, which was prepared by the reaction of the methyl 
ester of trans-keto acid I with ethylene glycol {n the presence of p-toluenesulfonic acid, It melted at 123+ 
124°, (Found %: C 65.89, H 6.93, CyHOs. Calculated %t C 65.73; H 6.89.) 


— under the influence of hydrogen fluoride gave, in place of the trlcyclic ketons 


IV; R= ee Li a , a quantitative yleld of a substance which was not soluble in soda solution but was 


readily soluble tn alkall and which decomposed on distillation, The orlginal trans-ketone (IT), m.p. 106.5 
107,5°, was prec{p{itated on acidification of an alkaline solution of this substance. Elemental analysts of the 
confirmed that {t retained the elemental composition of the orginal ethylene acetal of 

the keto acid (XIX). (Found %: C 66.09; H 6,86; OH 5.17, Calculated %: C 65.73; H 6.89; OH 5.81.) Its 
{infrared spectrum Indicated the presence of a lactone carbonyl group (1738 em*!) and of an hydroxyl group 
(3440 cm™!), The enumerated properties of the substance permit the assumption of structural formula (XX) 

for the compound, The formation of 5-(p-methoxyphenyl)-8-(B -hydroxy)ethoxy-2-keto-1-oxabicyclo-(0,3,3)- 
octane (XX) can be represented as follows; 


HOOC—CH | ra "H,CH,OW 
Or, xu Ch, cH x 


The acetate of XX was prepared by the action of ketene on XX in the presence of sulfoacetic acid as a 
catalyst; it was a colorless, thick of] which decomposed on distillation, (Found %: C 64,62; H 6.65, CysH),O,. 
Calculated %; C 64,65; H 6,63.) 
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Attempts to prepare compound IV with oxygen as the substituent R by Intramolecular acylation of antl- 
trans-3 {p-methoxyphenyl}cyclo-pentan-l-acetoxy-Q-acetic acid also failed. The anti-trans-hydroxy ectd 
XU was prepared by reduction of the carbonyl! group of the trans-keto acid II with sodium borohydride, Two 
epimeric alcohols were formed by the reduction: 173.6% antl-trans-hydroxy acid XI, m.p. 88-87° (Found %s 
C 67,22; H 7.26. Cy,Hy30,. Calculated %: C 67,18; H 7.25) and 24% antl-cls-hydroxy acid, lsolsted as the 
lactone XIII, m.p. 141-142° (C,,HyO;. Found %: C 72.63; H 7,03), 


The configuration of the antl-trans-hydroxy acid XII, the location of the hydroxy group of which fs enal- 
ogous to the B -position of the hydroxyl group at Cyy of sterold molecules, fs particularly favorable for the syn- 
thests of aralogs of sterold hormones. 


The acetate of the antl-trans-hydroxy acid, which was prepared by the action of a three-fold excess of 
acetyl chloride on the hydroxy acid XII, melted at 91.5-92.5°, (Found 1: C 65.99; H 6.91, Cy.H,0,. Cal- 
culated %: C 65.73; H 6.90) In place of the expected ufcyclic ketone (IV; R=OCOCH;), cyclization of the 
acetate by three methods, Friedel-Crafts, the action of hydrogen fluoride, and the action of polyphosphoric 
acid, gave as the sole reaction product lactone XII in quantitative yleld, m.p, 141-142°, The formation of 
lactone XIII from the acetate of the anti-trans-hydroxy acid can result from Walden invers{on at the carbon 
atom attached to the hydroxyl, ; 


_ The tendency toward the formation of a lactone ring tn the cyclization of the trans-keto acfd Mf, {ts 
ethylene acetal, and the acetate of the anti-trans-hydroxy acid indicates that such a structure {s energetically 


favored, and {t {s explained by the absence of strain {n the two conjugated 5-membered rings in the cls-poal- 
tion (8}. 


S. Ordzhontkidze All-Union Research Recelved September 20, 1956 
Chemico-Pharmaceutical Institute 
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ALKYLATION OF CYCLOPARAFFINS 


Academy of Sciences Azerbaldzhan SSRAcademiclan Yu, G. Mamedallev 


and Z. A. Mamedova 


In a previously published report by us, data were presented on the alkylation of petroteum methylcyclo- 
hexane with propylene in the presence of sulfuric acid {1}. This work Indicated the ease of alkylation of the 


secondary carbon atoms of methylcyclohexane and the Inertness of the tertlary carbon atom under conditions 
of sulfuric acid alkylation, 


With the alm of making a detailed study of this reaction, an investigation was undertaken of the alkyl- 
ation of five-and slx-membered cyclanes, namely, cyclopentane,cyclohexane, methylcyclohexane, ethyl- 
cyclohexane, lsopropylcyclohexane, and t-butylcyclohexane, 


Apart from the practical value of such an investigation, conststing of the development of a conventent 
method for the synthes{s of alkylcyclanes, {t permitted clarification of certain theoretical questions of organic 
chemistry such as the order of orfentation In the allcyclic serles, the effect of ring saturation on the reactive 


{ty of cyclic compounds, the effect of the extent to which the alkyl s{de chains are nucleophilic on the rate 
of substitution In the ring, etc, 


EXPERIMENTAL 


The Initial six-membered cyclanes were prepared by hydrogenation of the corresponding aromatic hydro- 
carbons over nickel-kieselguhr catalyst at atmospheric pressure and a temperature of 180-200°, The cyclo- 
pentane was prepared by hydrogenation of cyclopentadlene In a revolving autoclave at room temperature, @ 
hydrogen pressure of 60-70 atm, and over Raney nickel, 


The hydrogenation products, after appropriate purification, were distilled {n a rectification column to 
fsolate the chemi{cally pure cyclanes, The constants of these cyclanes are presented in Table 1, 


TABLE 1 


nd Aniline point 
Found Lit, Found Lit. Found Lit. 


Hydrocarbon 


Cyclohexane 0.7784 | 0.7786 | 1.4266 | 1.4262] $1.0 31,0 
Methylcyclohexane 0.7695 | 0.7694 | 1.4232 | 1.4231 41.0 41,0 
Ethylcyclohexane 0.7881 | 0.7879 | 1.4332 | 1.4330] 44.6 43.8 
Isopropylcyclohexane 0.8020 | 0.8022 | 1.4406 | 1.4408] 49.5 | 48.9 


t-Butylcyclohexane 0.8130 | 0.8127 | 1.4500 | 1.4499] 64.0 | 59.6 
Cyclopentana 0.7456 | 0.7454 | 1.4068 | 1.4066 | 17.0 16.6 


The alkylating agents were the propylene-propane fraction of pyrolys!s gases with a propylene content 
of 75.5 wt. %, and propylene and butylene prepared by dehydration of the corresponding alcohols over alumt- 
num oxide, Alkylation was carried out in an apparatus described {n{1}. In order to establish the optimum 


fl 
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conditions, experiments were carrfed out at temperatures from 0 to 60° and at varlous gas feed rates, sulfuric 
acid concentrations, and mole ratios of reactants. In the present communication are reported the results of 
several typical experiments carried out In the presence of 98% sulfuric acid, at a mole ratio of cyclane to 
{in of 131, temperatures of 0, 30-35, and 60°, and an olefin feed rate of 3.8-4 Hten/hour, 


The experfmental deta are presented {n Table 3 (at 0°), Table 4 (at 30-35"), and Table & (at 60°). 


In order to establish the structures of the compounds corresponding to the reaction of 1 mole of cyclane 
with 1 mole of olefin, these compounds were catalytically dehydrogenated according to N. D. Zelinsky over 
Pt catalyst at a temperature of 300-310°, The aromatic hydrocarbons obtained by this dehydrogenation were 
oxidized with an alkaline solution of potasslum permanganate to the corresponding phthalic acids, Analysis 
of the phthalic acids showed that the major part of the compounds (75-80%) cons{sted of the para fsomen, 


Several alkyl-substituted cyclanes, previously unprepared, were obtained tn this investigation, end thelr 
physical constants were determined (Table 2). 


TABLE 2 


Compound Bip. Aniline potnt 


Ethyllsopropyleyclohexane 190-194 63.5 
Ethyl-sec-butylcyclohexane 206-209 70.0 
Methyl-sec-butylcyclohexane 184-190 65.0 
Isopropyl-sec -butylcyclohexane 212-217 13.0 


The experimental data show that of the representatives of the six-membered cycloparaffins studied, the 
substituted cyclanes—methylcyclohexane, ethylcyclohexane, and tsopropylcyclohexane —were readily alkyl= 
ated with olefins forming the corresponding alkyl derivatives, 


TABLE 3 


Hydrocarbon® Cyclopen- | Cyclo- |Methylcy- | Ethylcy- Isopropyl - t-Butylcy- 
tane hexane |clohexane | clohexane | cyclohexane | clohexane 


Catalyzate 
Yield of original cyclane 
93 94 103,7 106.9 103.0 93.8 
0.7470 0.7820 0.7755 0.7899 0.7965 0.8090 
1.4102 1.4310 1.4256 1.4342 1.4448 
Iodine number 0.0 0.0 0.0 0.0 0.0 
Sulfonatable 1.0 2.8 2,0 1.5 3.0 
Mol. wt. 14 88,7 108.0 116.5 138 
Aniline polnt 17.5 34.5 48 49.2 57 
Content of components {n 
catalyzate, 
wt. 
Original cyclane 92.1 86.48 84,13 84.79 89.04 
Monoalkylcyclane - - 6.65 6.39 
Residue 4.5 9.7 1,56 1.52 10,36 
Loss 3.4 1,85 1.66 1.3 1.6 


Note, The monoalkylcyclane corresponds to the product of the reaction of 1 mole of cyclane with 1 mole of 
Olefin. Experimental conditions: ratlo of cyclane to olefin = 111, acid concentration 98%, temperature 0°, 


© With propylene, 


The optimum reaction temperature, corresponding to maxfmum yleld of alkylation products, was 30-35°, 
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TABLE 4, 


Hydrocarbon * 


Cyclo- 


pentane 


Cyclo- 


hexane hexane 


Methylcyclo- Ethylcyclo- 


hexane 


hexane 


lsopropylcyclo- t-Butylcys 


clohexane 


a b 


b a 


Catalyzate 

Yield, of orfginal cyclan 

wt. 

nt 

Iodine number 

Sulfonatable 

Mol, wt. 

Aniline point 
Centent of components 
{n catalyzate, wt. 

Original cyclane 

Monoalkylcyclane 

Residue 

Loss 


e, 

67.85 . 
0.7475 
1.4108 
0.0 
1.5 

15 

17.5 


80 


0.0 
4.0 
93.5 
34.5 


90.8 
90.8 
6.6 
2.6 


85.0 


14.53 
0.5 


0.7838 
1.4318 


116 


417, 
31, 
18, 

2. 


0. 
1. 
0. 
1. 
115. 
52. 


3 
7909 
4340 
0 
2 


109.6 


0.0 

1.5 

128.6 
56 


5 
5 


26 
19 
27 
68 


56.56 

26.8 

14,23 
2.37 


0.7784 
1.4301 


110.9 
0.7956 
1.4373 
0.0 
1.0 

129.5 

56,5 


57,25 
22,26 
18.89 


109.5 
0.7882 
1.4358 
0.0 
1.0 

123.5 

61.5 


110.5 
0.7970 
1,4400 
0.0 
1.5 

139 

60.5 


62.45 
18,39 
17,26 


62,87 
20,38 
14.89 


18 
18 


1.6. 


1.9 0.95 


59,78 
63 
15 
2.84 


90,54 


6.66 
2.8 


Note. Experlmental conditions: mole ratto of cyclane to olefi. = 141, sulfuric acid concentration 99%, tem- 


perature 30-35°, 


*a-with propylene, b—with 


TABLE 6, 


butylene 


Hydrocarbon® 


Cyclo- 
_ pentane 


Cyclo- 
hexand 


Methylcy 4 
clohexane 


hexane 


Ethylcyclo- 


Isopropylcycle- 
“hexane 


t-Butylcy> 
clohexane 


Catalyzate 
Yield, of orginal olefin 
wt. % 
Iodine number 
Sulfonatable 
‘Mol, wt. 
Aniline polnt 
Content of components in 
catalyzate, wt. % 
Original cyclane 
Monoalkyleyclane 
Residue 
Loss 


© With propylene 


60.6 
0.7468 
1.4100 
0.5 
1.0 

12.5 

17.5 


90.6 


6.0 
3.5 


84,2 
0.789 
1,434 
0.0 
4.5 

92 

34 


87,75 


10.68 
11.65 


92.6 
0.7815 
1,4315 
0.0 
15 

109.5 


2 
2 


66.3 

15.68 

16.52 
1.6 


16,93 
9.7 

11,47 
1.8 


13.36 
9.4 
17,24 


93.16 


6.64 
3.4 


Note, Experimental conditions; mola ratlo of cyclane to olefin = 1:1, acld concentration 95%, temperature 
60°, 


As seen from Table 4, under optimum conditlons the catalyzate consisted of unreacted cyclanes (56- 
60% ), products of the direct alkylation of the orlginal cyclanes (20-307), and residues, which consisted ma{nly 


| | 108.2 {97.7 
| 0.7844] 0.8065 
| | 1.4335] 1.4451 
0.6 0.0 
15 3.5 
128 135 
| 
94 97,2 92,0 
0.7920 0.7935 0.8070 
1.4352 1.4245 1.4475 
oA 0.0 0.0 0.0 
1.0 1,0 9.5 
55.5 58 56 
| 
4 


of polyalkylcyclanes (14-18%), Thus, {n the alkylation of methylcyclohexane, ethylcyclohexane, and {sopro- 
pylcyclohexane with olefins under optimum conditions, about 60-70% of the cyclanes reacting were converted 
into primary products of thelr alkylation, 


The attempt to alkylate cyclohexane with propylene was unsuccessful, The ability of cyclohexanes to 
enter Into the alkylation reaction with olefins {n the presence of sulfuric acid and the lack of this abil{ty fn 
the unsubstituted cyclane -cyclohexane—can be explained by the nucleophilic propertles of the alkyl groups, 
The latter, disrupting the symmetry of the electron distribution of the ring, causes a shift of electrons toward 
the nucleus and gives the nuclear carbon atoms an additional fractlonal electrical charge. The positively 
charged carbonium fons, formed by the reaction of the olefins with the sulfuric acid, enter considerably more 
easily Into reaction with the nuclear carbon atoms having the additional negative charge acquired as a result 
of the electronic shift under the Influence of the electron-repulsing alkyl groups. 


Of the substituted cyclohexane hydrocarbons, which readily entered {nto reaction with the olefins, an 
exception was t-butyIcyclohexane. It was not alkylated in the presence of sulfuric acid under the stated con- 
ditlons. The lack of the ability of the t-butylcyclohexane to alkylate can be explained by the quantitative 
nucleophilic characteristics of the CHs-, C;Hs-, (CHs),;CH-, (CH3),;C- groups, and also by steric hindrance, 


Alkylation of cyclopentane with propylene in the presence of sulfuric acid under the stated conditions 
also did not take place. 


$. M, Kirov Azerbaidzhan Received September 17, 1956 
State University 
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THE ACTION OF VINYLMAGNESIUM BROMIDE ON 
6-METHOXYTETRALONE-1 AND ENOL ETHERS OF DIHY DRORESORCINOL 
AND METHYLDIHYDRORESORCINOL 


THE PREPARATION OF INTERMEDIATE PRODUCTS FOR 
THE TOTAL SYNTHESIS OF STEROID COMPOUNDS 


Academician I, N. Nazarov, I. V. Torgov and G. P. Verkholetova 


In previous work {n our laboratory, {t was shown that, starting with vinyl alcohols, ft ls possible to syn- 
thesize various polycyclic compounds elther by the diene condensation method (1,2) or by the condensation of 
allyl type bromides with cyclic 1,3-diketones and subsequent cyclization [3]; ; 


As a rule, the vinyl alcohols were prepared by selective hydrogenation of acetylentc alcohols, wHich, fn 
turn, were prepared by the condensation of ketones with acetylene under varlous conditions. In certain cases, 
as, for example, {n the case of 1-vinyl-6-methoxy-1-tetralol (II), such a route was attended by considerable 
difficulties [4]. Therefore, tt was of Interest to attempt the preparation of vinyl alcohols by Grignard synthe- 
sis with vinylmagnestum bromide, which, as was shown by Normant [5] are read{ly prepared by the usual 
method {n a medium of tetrahydrofuran. 


We established that the reaction of vinylmagnes{um bromfde with cyclohexanone fn solution {n tetrahy- 
drofuran ylelds 60% vinylcyclohexanol and a considerable arnount of products of the condensation of cyclohex- 
anone, from which cyclohexylidencyclohexanone was {solated (in the form of the semicarbazone), 


The reaction of vinylmagnestum bromide with 6-methoxytetralone (I) proceeds more smoothly and leads 
to 1-vinyl-6-methoxy-1-tetralol (II) {n almost quantitative yleld, On heating the carb{nol II under the vac- 
uum of a water aspirator and at a temperature above 120°, partial dehydration occurred accelerated by 
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the addition of varlous dehydrating aszents and even of ordinzry sand. In this manner, pure 1-vinyl-6-methoxy- 
$,4-dihydronapthalene (IM)~an tmportant intermediate In the synthesls of sterold compounds related to es- 
trone [4] prepared In 47% yield, 


Diene [II readily entered Into diene condensations and rapidly polymerized and formed considerable tar 
on distillation, even under high vacuum, Therefore, it was expedient to carry out the diene condensations with- 
out the tsclation of diene MI in the pure form (avolding distillation) or directly with the carbinol I, which de- 
hydrated under dlene synthes{s conditions. The condensation of diene Mi with malete anhydride and quinone 
was carried out in this manner, and the corresponding additlon products (IV) and (V) were obtained in good 


yleldss 
co 
CH, 
v v 


By the reduction of addition product (V) with zinc In acettc acid, the cls-tetracyclic ketone (VI) was ob- 
tained, and this was fsomerized (at C,,) to the trans-fsomer (VII) by passage over alkaline aluminum oxide, 


° 
ou" 


The catalytic action of acids on the trans-ketone VII caused inverston of the other asymmetric center 
and also a shift of the double bond to the position between the rings, resulting In the formation of a cls-tetra- 
cycle ketone (VII). This same diketone, VII, was prepared by heating the diketone VI with acetic actd, 


| We previously showed [6] that the reaction of methylmagnestum fodide with the enol acetate of methyl- 
dthydroresorcinol, leads to the formation of 2,3-dimethyl-A?-cyclohexen-1-one with a yleld of 41%. 


The reaction of vinylmagnestum bromfde with the cnol ether forms of dihydroresorc{nol (LX) and methyl- 
dihydroresorcinol (X) proceeded {n a completely analogous manner, This reaction resulted in 70% ylelds of 
the corresponding dienes (XI) and (XII), which are Important intermediates {n the total synthests of sterold com- 
pounds (7,8). 


In separate experiments with vinylmagnestum bromide, we successfully substituted a-methyltetrahydro- 
furane for tetrahydrofuran, Attempts to use certain other cyclic ethers, specifically 2,2-dimethyltetrahydropy- 
tan, dioxane, and 2,2,5,5-tetramethyltetrahydrofuran, were unsuccessful, 


4 
OH 
XI 
xR = Ch; = — CH, 
: 


EXPERIMENTAL 


Preparation of 1-vinyl-6-methoxy-1-tetralol (II). To 6 g of magnestum turnings, activated with traces 
' of fodine, in 50 ml of absolute tetrahydrofuran was added 33 g of freshly prepared vinyl bromide in 30 ml of 
tetrahydrofuran, the additlon belng made {n an atmosphere of nitrogen while stirring and heating at 30°, After 
the addition of approximately one-fifth of the solution over a perlod of 10-15 minutes, the reaction began; the 
flask was cooled in {ce water to maintain a temperature of 40-45° while adding the remainder of the bromide 
solution, which took about 20 minutes. The mixture was then refluxed for half an hour, cooled to—20°, dilu- 
ted with 70 ml of absolute ether, and a solution of 12 g of 6-methoxytetralone (1) (m.p. 78°) in a mixture of 
10 ml of tetrahydrofuran and 70 ml of ether was added at a temperature of about~15°, The mixture was 
stirred for 3 hours at this temperature and allowed to stand overnight. On the next day, the suspension was 
heated to slight boiling for 2 hours, cooled, and poured onto a mixture of 32 g of ammonfum chloride and 200 
g of ice. The ether layer was separated, the aqueous layer extracted twice with ether, and the combined eth- 
er extracts were dried with sodium sulfate, filtered, and the solvent distilled (under vacuum at the end), The 
residue was a light yellow ofl (14 g), nb 1.5622, which was almost pure 1-vinyl-6-methoxy-1-tetralol (II). 
Distillation under vacuum (the ofl foamed vigorously) gave 12 g (86%) of the carbinol II with a b.p. of 116- 
117° at 0.5 mm, rf} 1.5635; d?? 1.0112. 


Found %: C 16.6; 76.7; H 7.85; 8.0.C,,H,,0,. Calculated %: C 16.4; H 7.9 


Dehydration of 1-vinyl-6-methoxy-1-tetralol (11), A mixture of 4.7 of undistilled carbinal II and 
1.5 y of ordinary sand was heated at 120° under a vacuum of 6-7 mm. Dehydration began {mmedlately, and 
was-complete after 6-3 minuter, as indicated by cessation of foaming. The index of refraction of the mixture 
Increased to 1.6050, Distillation gave 2,0 g (47%) of the diene ILI, b.p. 102-106° at 1.5 mm, ny 1.5935 (4). 


On mixing diene III with a benzene solution of maleic anhydride, the addition product IV was formed 


with the evolution of heat; yleld 70%, m.p. 202-203°(9). Addition product IV was prepared In lower yfeld by 
refluxing carbinol Wf with maleic anhydride in xylene solution, 


Condensation of 1-vinyl-6-methoxy-3,4-dihydronaphthalene (III) with quinone. Toa solution of undis- 
tilled diene Hl (prepared from 2.5 g of carbinol H) in 20 ml of glaclal acetic acid was added 1.2 g of quinone 
with stirring In an atmosphere of nitrogen, Crystals of the addition product began to precipitate after 5 min- 
utes. After 1 hour, the crystals were suction filtered and washed with cold methanol, 1.8 g (47% calculated 

on carbinol II and 52% calculated on quinone) of (V)*, m. 
p. 156-159°, was obtained. The pure diketone has a m.p. of 165-166° (from methanol) (9). 


Found %: C 77.3; 77.2; H 6.2; 6.1,C,sH;,0;. Calculated %: C 17.5; H 6.2. 
The yleld of dfene from distillation was 86%, 


Reduction of addition product V. 0.85 g of zinc dust was {ntroduced, with stirring and {n an atmosphere 
of nitrogen, into a solution of 1.15 g of the additfon product V tn 115 ml of acetic acid. The mixture was 
stirred for 17 minutes at 20-22%, filtered, the residue washed with hot benzene, and the filtrate evaporated un- 


der vacuum. 806 mg (70%) of 3-methoxy-A® -tsoestrachrysanen-15,17a-dione (VI) was obtained, m.p. 192-193° 
(from ethy! acetate). 


Found %: C 76.8; 76.7; H 6.65; 6.9 CyyHp 903. Calculated %: C 77.0; H 6.8 


Isomerization of the cls-diketone VI under the Influence of alkalles and acids. A solution of 273 mg of 
diketone VI in dioxane was poured into a column containing 25 ml of alkaline aluminum oxide (2% sodium hy- 
droxide content) slightly molstened with petroleum ether, After standing 40 minutes {n an atmosphere of nitro- 
gen, the product was flushed out with dioxane. The solution was evaporated under vacuum, and the residue was 
crystallized from methanol, 138 mg (50%) of 3-methoxy -A*-estrachrysanen-15,17a-dione (VII) was obtained, 
m.p. 168-170", The pure diketone melts at 174-175° (from methanol). 


* Nomenclature of the polycyclic compounds fs according to I. N, Nazarov 10}. 
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Found @: C 76.7; 76.9; H 6.8; 6.8.CysH,,0;. Calculated %: C 77.0; H 6.8 


A solution of 100 mg of the cis-diketone VI in 10 inl of acetic acid was refluxed {n an atmosphere of nl- 
trogen for 3 hours. After distillation of the solvent under vacuum and crystallization from methanol, 21 mg of 
3-methoxy -A"(") -tsoestrachrysenen-15,17a-dione (VIII) was {solated, m.p, 151-152°, The pure diketone melts 
at 15-1-155° (from methanol). 


Found %: C 76.9; 76.8; H 6.75; 6.7 .CygH,0;. Calculated %: C 77.0; H 6.8. 


Isomerization of the trans-diketone VII. A solution of 45 mg of trans-diketone VII in 15 ml of benzene 
was refluxed in the presence of 7.5 mg of p-toluencsulfonte acid in an atinosphere of nitrogen for 4 hours. Af- 
ter neutralization with bicarbonate and the usual treatment, 19 mg (42%) of the cls-diketone VIII described 


above was fsolated, m.p. 150-151°; {t did not give a melting point depression when mixed with the previous» 
sample. 


Preparation of 3-vinyl-A?-cyclohexenone (XI). A solution of 15 g of 3-ethoxy-A?-cyclohexenone (IX) 
(b.p. 30° at 1.5 mm, np 1.5060) in 20 ml of tetrahydrofuran was added, with stirring and fn the same manner 
as before so that the temperature did not rlse above —10°, to vinylmagnesium bromide prepared from 7 g of 
ma3nesium and 32 g of vinyl bromide {n 70 ml of tetrahydrofuran cooled to— 15°, The mixture stood over- 
night In fice, and on the following day it was heated for a half-hour at 50-60°, and the tetrahydrofurane(75 ml) 
was distilled under a slight vacuum. The sem{-solld residue was diluted with 100 ml of ether, treated with 
59 g of ice, and then diluted with hydrochloric acid at 5°, The product was extracted with ether, and the ex- 
tract was washed successively with solutions of sodium thiosulfate and soda and then with water and dried over 
magnesium sulfate. Distillation gave 9 ge of 3-vinyl-A?-cyclohexenone (XI) in the form of a colorless 
quid with a b.p. of 82-S3° at 4 mm; 305 1.5488, 


Found %: C 78.9; 78.6; H 8.2; 8.2, CHO. Calculated %: C 78.65; H 8,25. 


The dinitrophenylhydrazone melted at 169-170° (from alcohol-dloxane), 3 day storage converted die- 
none XI to a glassy mass. 


Preparation of 2-methyl -3-vinyl-A®-cyclohexenone (XM). In a similar manner, froin vinvimagnes{um 
bromide (prepared from 7 g of magnesium ae 31g of vinyl brom{de) and 20 g of 2-methyl-3-{sobutoxy-A® - 
cyclohexenone (b.p. 103-105° at 0.5 mm; nb 1.5015) was obtained 10,7 g of 2-methyl-3-vinyl-A? -cyclo- 
— (XII) In the form of a slightly yellowish Mqufd which polymerized on storage; b.p. 67-68.5° at 2 mm; 

1.5512; d3?0.996, which ts in agreement with the Hterature data (7). On cooling, the’diene crystallized; 
it melted at—-14°, The dinitrophenylhydrazone melted at 178-180° (from alcohol -dioxane). 
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PRODUCTION OF XYLENES BY ALKYLATION AND 


DEALKYLATION OF AROMATIC HYDROCARBONS IN THE 


PRESENCE OF SYNTHETIC ALUMINOSILICATES 


Academictan A. V. Topchiev, G. M. Mamedalley, 


A. N. Kislinsky and G. N. Antkina 


Conjugate alkylation and dealkylation of aromatie hydrocarbons has been studied by many authors. The 
majority of these Investigations were devoted to the development of a method for the production of toluene, 
In the earliest {nvest{gatlons(1-4}, ft was shown that aluminum chloride promotes conjugate alkylatlon-dealky- 
lation of aromatic hydrocarbons. Later were published the results of a serles of work on the catalytic conver- 
sion of varfous aromatic hydrocarbons in the presence of aluminum chloride [5-8}. More recently, in connec- 
tion with the widespread use of alumi{nos{licate catalysts {n petroleum processing, these catalysts were also 
used for the alkylation and dealkylation cf aromatic hydrocarbons (9-11). 


The results of an investigation on the synthesfs of toluene by demethylation of varlous methylbenzenes 
and conjugate methylation of benzene in the presence of alum{nos{l{cates were reported in our previous pa- 
pers (12, 13}, ‘ 

During the last decade, the production of varfous forms of synthetic fiber underwent widespread devel- 
opment. The successful use of polyester fibers, particularly the growth In the production of Terylene abroad, 
necessitated the development of any kind of commercial production of paraxylene. One prospective means 
for the production of p-xylene, as was shown by us [14), fs the fsomerization of m- and o-xylenes to the p-lso- 
met, a process easily carrfed out {n the pzesence of synthetic alumt{nosilicates, Xylenes can be synthesized by 
dealkylation and conjugate alkylation of 2romatic hydrocarbons, Methyl group transfer and the conjugate 
alkylation of toluene in the process of cealkylating varlous polyalkylbenzenes-has not been investigated, The 
study of these reactions has, at present, 22 {mportant practical significance and {s of sclentific Interest. 


In the present paper are presented the results of an Investigation of the dealkylation of samples of a com- 
mercial polymethylbenzene fraction and the — alkylation of toluene in the presence of alumi{nosili- 
cate catalyst. 


EXPERIMENTAL 


In toluene production based on the condensation of benzene with methyl alcohol, along with the toluene 
ts formed a considerable amount of polymethylbenzenes. These products ee waste production, and have 
no practical value, 


The original raw material was a sample of the previously mentioned {ndustrial polymethylbenzene frac- 
tion having the following constants; {nftfal boiling point 152°, density 0.9256, refractive Index 1.5339, mol. 
wt. 140, fodine number 18.3, 100% sulfocatable, The content of trimethylbenzene fraction, botling in the 
range 165-175*, was about 31%, The tocal of the fractions bolling up to 195° was 38.5%. A major part of the 
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{nitial material (about 60%) bolled above 200°, ard was a niixture of tetra-, penta-, and hexamethylbenzene 
(primarily solid compounds with high melting points). The somewhat Increased fodine number of the mater- 
fal was due to the presence of a small amount of styrene derivatives and other unsaturated compounds. 


Toluene from coke-oven gas production was used 
as the second feed component. It contained traces of 
benzene and a small amount of light gasoline fractions 
(less than 1%). Its density was 0.8669, refractive Index 
1.4970, bromine number 0.2, 100% sulfonatable. The 
experiments were carrled out {n a laboratory apparatus 
with a flow-type reactor (Figure 1). 


A mixture of the toluene with the polymethylben- 
zene fraction was subjected to catalytic processing. The 
weight ratio of these materfals {n the mixture was 231, 
Synthetic alum{nosilicates from the Baku and Grozny 
catalyst plants were used as the catalyst, 


Experiments were carried out to study the effect 
of temperature, pressure, and rates, and to determine the 
optimum conditions for xylene production, 


At temperatures below 420°, the conversion of the 
high-boiling polymethylbenzenes, as well as of the tolu- 
ene, with the production of low molecular wefght hydro- 
carbons was limited, An increase in the temperature 
favored the reaction, and maximum production of xy- 
lenes was attained {n the range 470-480°, 


At atmospheric pressure and a temperature of 480°, 
_ the catalytic treatment was not accompanied by the pro- 
duction of large amounts of xylenes and benzene. An 
increase in the pressure (3-10 atm ) appreciably increased 
conjugate alkylation-dealkylation of the initial aromatic 
hydrocarbons, and led to the formation of up to 26-29% 
xylenes and 10-12% benzene. 


Fig. 1. Laboratory apparatus with flow-type reactor 
operating under pressure; 1 —feed buret, 2—pump, A series of experiments was carried out under op- 
3-reactor, 4—manometer, 5~electric furnace, tlmum process conditions, Analytical data for the 
6 -reducing valve, 7—cooler-condenser, 8—recelv- ginal mixture and for a representative sample of cataly- 
er, 9-flow meter, 10—-gas receiver, 1l—tempera- zate are presented in Table 1, 

ture controller, 12—relay, 13-galvanometer, 


At a temperature of 480°, a pressure of 10 atm, 

a feed rate of 0.5:1, and a cycle length of 1 hour, the yield of catalyzate, coke, and gas was, respectively, 

92, 3.3, and2wefght % of the feed. Deep conversion of the polymethylbenzene fraction occurred. Its content 
decreased from 32% in the feed to 11.4% in the catalyzate, A considerable part of the toluene was alkylated 

_ with the formation of xylenes. The amount of toluene decreased from 66 to 48%. The density of the material 


decreased from 0.8224 to 0.8692; the distillation end point of the catalyzate was 180°, fodine number 2.9, 
ard 100% sulfonatable, 


The yield of xylenes and benzene, as seen from the material balance data (Table 2), was 35.6 g, which 
comprises 81.5% based on the per pass consumption of toluene and polymethylbenzene fraction, Toluene con- 
sumption based on the xylene and the xylene-plus-benzene fractions was 86 and 59%, respectively, Spectro- 
scopic investigation of the xylene fraction revealed the presence of 20-25% p-xylene, 45-50% m-xylene, 
~20-25% o-xylene, and a small amount of ethylbenzene (2-3%). The low ethylbenzene content favorably 
distinguishes this product from the products of other commercial processes for the production of xylenes, 
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TABLE 1 


"Feed stock, toluene: ly-" Catalyzate 


Product properties mpthylbenzene fraction= breysure 10 atm,; temp, 480" 


fraction, % raction, % | ®D 


Initial bofling point,°C 


78 
Fractional composition "5 


so 2 
ss = 


a 


200°— end point 


®D 
Jodine number 
Sulfonatable, 
Chemical group composition, 
volume % 
Unsaturated 
Aromatic 
Naphthenes + paraffins 
18-83°C Fraction 
Tig}d wO% 
"Dp 


Suffonatable,% 
Bromine number 
Yield wt, 

Sulfonatable, %. 


Bromine number 


136-144°C Fractioa 
Yiel wt, % 


sulfoaatable, % 

Bromine number . 

Material balance, wt. %-of feed 


Catalyzate 


fou 


: 

| 

w—76° 

76—18° 

73_83° 

83—105° 

103—108" 

108—118°° 

413—118° 

118—125° 

125—1%° 

136-144" 
4144—149° 

149—100° 

160—165° 

165—173° 
475—185° : 
End point *C 

po 200 180 

yleldywts % 82.88 96.91 
wt, % 0.63 0.277 

44 0.8834 0.8692 

| 4.5076 4.8021 

fe 7.68 2.9 

100 100 

3.4 

96.6 98.6 

9 

4.4999 

- 0.8771 

100 

0.16 

63.38 

4952 4.4967 

0.867 

0.3 0.08 

28.03 

100 

3 

3.3 


TABLE 2 


Product Taken, Obtained, Consump- Obtained 
tion per pass, per pass, 

Benzene 0.3 11 - 10.8 
Toluene 44.3 21.4 
Xylene fraction 1.2 26.0 - 24.8 
Polymethyl benzene 

fraction 32.8 10.5 22.3 = 
Coke _ 3.3 - 3.3 
Gas - 2.2 - 2.2 
Loss 2.54 0,2 - 2.5 
Total 100.0 100.0 43,17 43.6 


The resources of polyalkylaromatic hydrocarbons from pyrolytic processes, coke oven gas production, 
and commercial Platforming, hydroforming, and other processes create a real basis for the practical use of 
conjugate alkylation-dealkylation of aromatic hydrocarbons, The investigated process has a number of advan- 
tages over existing commercial methods for the production of xylenes, and {ts practical realization would ma- 
tetlally increase the resources of paraxylene. 
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ERRATUM 


The article by I. I. Bardyshev and L. I. Ukhova, “Abletic Acid — A Primary Resin Acid of the Oleoresin 
of the Common Pine,” published in Proc. Acad. Sci. USSR, Vol. 109, No. 1, p. 336, contained an error. For 
the low-boiling abletic acids [«}, = -166.7° should be [a}) = 
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